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PRKFACK 


'flu-: Lh(ir]iii()iii(' vjuRumi IuIk* or valve iia.s, within the last 
lew year.-^, Ix'eonie 'siieli an -imporlanl feature ol \\in4esh 
practice and diwelopnanit llial modern radio ef)miiiiinic*a- 
tion ma\ alnio>l hi' ^aid to I>e tlie apjiheal ion ol lln> ver< 
satile dev’iei* io llie reeejilion and : raii'^inih'^ion ol wirele.'^s 
signals. The present l)(»ok lias been wrillen with a viiwv to 
providin.e: in \\ single \olinne an a.(*e!nml ol llie pivietieal 
development ol the vaeimin tnhe and it*^ iniinnieral^le 
applLeali<»n>. 

An altenipl ha- iMaai made t«» arran< 4 e tin* matter in a 
logical man lun*, and aI>o to uive historical detail- ol interest. 
Ever\ alloiiipi ]\i\> aho h(‘t n inadi* lo,L:i\e laderi'iiees to llie 
work (*1 tliOM’ who liave dexilopfd ih(‘ science l»y their 
invention> or i*i«‘nlitie contril> u mns. 

While wiMlin,L; I'rmn a practuail i-\]>erience of nearly all 
the iiiatlrr coiitained in thi- volimun tlie Author ha> taken 
th(' l'nl?e^t adxantauo ol tin* work of oilurs. with a view to 
makin^j; the hook as eom[»rehon>ivi‘ ami detailed a.- jiossdilr. 

A ;^M-eal nianx rrle.nices are .eiven. and i) any whicli .should 
ha«v4^ been j^i^iveii ari* omitted it i^ due ^olel\ to the lai’^u size 
of the Vi)hmie In this eoiiiU'clion, great dit'lieidty has het'ii 
experieuei-d in all«>eating tlu* creilit tor dilVerent di'Velop- 
wneuts on aceoinil ol tlie .ih^eiice ol internal ioiial ('\idiange 
of informal ha 1 . rnle.s^'tntorfiialion is IVeelx circulated i>y 
piitiljcation. misninli'rstayidings as to ilu‘ rightful credit *for 
iAyentioiis an* iioinul to arise. Nevertheless, thi’ Author 
has made a, thoiaaigh st'arch of tiadiiiical ’ lili‘raiUL\‘ ami 
[laliail speciiicatioiis lai Liu* su,hject with a viiw'- to obtaining 
a correct J)ers[)e(*lit'e of tin' real wa>rk of devtjjoimieiit . 
Patent speciiicatioiis |)iirLicuVirly are of the greati'st value,. 
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Preface. ^ 


. althoii^^li disregarded by most as a source of information. 
Since all the valuable inventions in connection with vaduum 
^tubes have been described in patents, references to these 
have been given in full, parti}" to assist those who desire* 
further inforinatioTi, and partly to give the chronologigal 
order of develoi)ments (the date governing priority being 
given after the i)atent number). ^ 

No pains have been spared to kedi) the volume*up-to- 
date consistent witli its size : a great deal of hitlierto 1114- 
imblisUed matter I'as been included. The constant and 
almost daily changes and develojnnents of the art have 
necessitated rei)eated revisions and insertions^right up to 
the date of going to ju’css ; Imt tb(‘ laborious task of pre^ 
j)aring a book of this mfture and size will be considereil as 
having been well worth while if tlu^ voliimejiroves of value 
to those for whom it lias been written. 

It is hoped that there is something oi value to all 
engaged in wireless work, from the engineei* to the operator 
and experimentalLst. The method of ])resenting the si^hject 
is such as to be easily understood by tlu‘ student without 
previous experience ;*neverthele.ss, the subject is gradually 
expanded so as to cover the whole snbj(^ct of valves in 
suflicient detail to make the ^udeni ultimat(‘^’ indei)endent 
of a text-book. On a lirst reading a stude^it woubWa; well 
advised to leave out the more, detailed in formal ion. nrefev- 
ably under the adduce of a teacher. 

^Throughout the volume, tbeorelical^circuits have been 
invariably followed by actual practical* working •arrange- 
ments For the benefit of American readiu’s, for whom fflie 
hook has been equally written, many particulars of .^fpeidcan 
circuits and sets have been given. About doO diagrams, 
including^ many of a graphic^il nahire, haT« ))e(;n used t(T* 
illustrate the text. The presentation of suciijfii unusually 
large number of figures will, it is>op(^d, increa.se the value 
j^Lthe volume for many purjjo.ses. 

Thf; differeifl terms tor the vacuum Jube*havc been used 
m(4j;e or less iridiscriihinatc^’, hut preference has Ijeen 
given to J»he word “ anode ”,iiistead of*plate This is due 
,to the growing dislike of callirlj,^ a cylinder a plate. 
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The Aiithor is iruch indebted to the Editors of 
the E/ectrivlan, ?]lrctriml Itcrieir, IVtrclesfi Af/e, Wireless 
World, and other journals for the reproduction of the 
‘ substance of upwards of fifty articles l;y himself in 
these periodicals ; also to E. E. JUicher for j)articulars of 
c(u*tain duplex tele])hone systems, and ^lonsieur Latour 
for informatii.n conceniiii" certain amjdifiers. Mucli in- 
formation has also l)een obtained from valualde papers by 
i)r. AV. H. Eiccles, Prof. C‘. L. Fortescue, J)r. A. N. 
(Toldsmith, 11. J. Pound, L. i>. Turner, and others who 
have done niiicli to further valve develojanent, and who 
are too nunierous to mention here, although the Author 
‘desires to acknowledge his indebUalness to tliem. 

llis concluding thanks are due to the AVireless Press, 
Ltd., for their uniform and excellent reproduction of his 
diagi-ams. 

JOllX SCf)TT-TAOrVAKT. 

London, 

April, ISSl. 
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A CORRECTION 

Page 10. After the wonhs “ r= puteiitial ilili'ejjhiicr l>e- 
tweeii ]ilat(; and iilaiiieut ” add “ in voll^.”* 
Lower down, in l.iie tahle.s of electron velocity, 
0,000 .should read “ 00, 000,000 ” * tjO,()()0 
should read “ 000,000,U()0,”_ and 00(1,011(1, 
should read “ 0f00((,0UO,(i()0.” 



CHAPTER I. 


Two-elkctrode Valves and the Theory of Thermionic 

Currents. 

1. Theimionic Currtents.— Between the years 1882-1889 Elster 
and (reitel * garried out a series of systematic investigations 
of phenomena connected with the emission of electricity from 
hot bodies. Tlufy arranged a metallic filament and plate 
within a glass bull) which could be exhausted of air by 
means of a vacuum pump. The filament was heated by a 
battery, and means were provided for the measurement of 
any electrical chaj-ge received by the plate. 

With the air inside the bulb at normal atmospheric pressure, 
the temperature of the filament was gradually increased by 
increasing the current pa.ssing through it. It was found that 
the plate received a positive charge of* electricity which 
increjised in value until the filament was at a yellow heat. 
Whe.n the temj)erature was raised above this value, the 
po.dfive charge oi; the ])late began to decrease until, at white 
lieg,!, the charge became very small indeed. The pressure of 
the ftir inside Mie.bulb was now reduced gradually, and it was 
noticed that the chgjge diminished still further until, at* a 
.critical teifiperature of the filament, it became negative, and 
this negative charge gradually increased as the exhaustion of 

* In IS7J, F. (I'litlirio carried nut a series of ex])eriments with the eifect 
of a red au<i while hoi mel il ball on a charged elt'Ctroscopo, see Phil, Mwj., 
•fill s(;ri(‘s, \ivi. p (IS73), ' On a Kolation l)otwf‘eii Heat and Static 
fji‘ctricitv. ’ These i*\pciimen^| led to tho im|)ortant worlf of KIsUt 
and (iritcl, dc«cr*fl)ed ni llie following reieronces 

“ Wii Hie Flectfir'ilv of Fhynes," Wiedemann Ainuilen, xvi. p. 1ft) 
(ISS2). • 

On tlu* Generation of Fleet ricity l)y the GonUct of Gases and Incam 
descent J Jodie's/’ II Ann., \i\. ]). oSS (ISSIJ). « 

“On th(' Tnipolar Gondnetivity of Heated Gases,” Wkd, Am,, xxvi. 
p. 1 (l8Kr.). 

“ On the Fleetritieation of Haretied Gases and Electrically Heated 
Wires/’ Wud. Avn,, wxi. p. 1011 (1887). • t 

“On the G(*neration of ElcotricitY by (’ontact of Rarefied Gas and 
Klectncally Heated Wires,” WM. Am,, xxxvii. p. IJIO (1889). 
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tlie bulb continiK'd. Later, it was foaiid tliat the de^^ree of 
electrification of the inserted plate, and also its siij;n, depended 
lai\<jely on the chemical nature of the substance forininji the 
lilameiitiand also the nature of tlic‘ <:as inside the bulb. Ft 
was noticed that the })resence of oxyuen tended to reduce the 
chari»e re(‘eived by the plate, while hydrogen favoureil the 
rece])tion of a negative charge by th(‘ })hite, and even allowed 
it to re(*.eive sucli a charge at norinal atinnspheric })res:Airc. 

The ne.xt important step in the investigation of thirmiovic 
currents, which was the name given later t(» the electricity 
emitted from hot b(»di(*s. was the discovery made by Edison * 
in 1883. that if a b(‘ fitted insidi* an ordinary electric 
lamp and a galvanometer connected with one side to the 
plate and the otlnn- side' to the positive of the batt(M‘\’ Ixtating 
the filament, a small current ol one or two milliamperes will 
be registered bv the galvanom(‘ter. This current a])])eared 
to fiow from the positive side of tlie filament through tlie 
galvanometer to th(‘ plate and thence through the vacuum to 
the filament. The most interesting j)art of Uie ex])erinient 
was the fact that piactically no current flowed round the 
circuit if the. galvamuneter were c(»nnected across the plate 
and the necjatiec tide of the filament. Sir William Pree.ce 
carried out turtljer experiments on tin* Edison eficct. whicli 
were described to the Itoval Societv of London in March. 

J. A. Fleming, in 1890, carried out tiirtlier cxjkm iment-s 
and con(iud(*.d that negative eh*ctricit v ^low(^d from * th«* 
filament to tlu^ jdatc, if the latter were^cohf and at a liigluM 
potential than a ])oition of the filament? lie alscj ‘ nnid that 
platinum was also capable of (‘initting eh'ctricity. i hough n<»t 
to the same degree^ as carbon, of which substance Edi.son's 
filaments had been made. 

It is interesting to note tJiat, a little previously, W. Jlittorf 
found tlfrit a small E.M.F. •will .^md a measiirabh* ciirrent 
tUromgh a vacuum lube ju'ovided tln^ catlio<le is meandesegnt.’j: 

t • 

* Jg, 1S84, ji. 

* + S«‘t' l*rof. A'or, hmd., .wwm. j». 2 Ml (JSS.”)). 

J Sec J’liij'sil:, \\i. |i, ‘.H) (ISS4i; h(*c jiIm) " I’liVhirril .Me- 

moirs,’ i. p. 180, wsuod hy Iho J*Ji\si(al iS(H'iCly (i| Lmidtui, \V. Mil tori, 
*■ On ( niiduftion of Eleciriciiy in (iaws." 

Furtiicr rcMiltR of ^‘Icming's Wf^rk on the Krlrson an* to be found in 
the PhilonCjtfiirAtl duly, IWHi; jilsn /Vor. <W. Linid\\\\. 

j. I87(!89«). ‘ ‘ • 
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• * N(i real clue as to thevxact nature of this negativ(». electricity 

was forfhcorning until 1899, when Sir J. J. Thomson * proved 
to tlie world the actual existence of masses infinitely smaller 
(^en < lian atoms. He called th(‘se j)arti(?les corpu^ks. but 
tli(\y are now known under the name of electrons. He showed 
that tjie electricity emitted from luiated filaments consisted 
of eh^ctrons. ^ ^ 

The*Electron.t — Tlui (‘h^ctron, altliough of almost infinitely 
STiKill size, has be(‘n indirectly measured and its mass is 
l*()(i2 \ grammes. It would take* electrons to 

equal tin* mass of a liydrogen atom. The diameter of an 
electron has^ Immui estiinated at H’7 ^ cm. and it 

would tak(*, (jUjIHKI of tlunjj in line to equal tlie diameter 
of an atom of hydrogen. IJ tlie atom woie magnified to 
tlie size of a large house* tin* electron would possess tin* 
relativ(‘ size of a small jiellet. Eacli electron is consideretl 
to h(* a minute parlicdc of m^gative eh‘ctricity. it is con- 
sidere.d as possessing a unit cluir(f<\ which is the smallest 
known ({uantity of el(‘ctricity and which corn^sponds to 
4*774 /s 19 of an electrostatic unit of quantity. Its value 
has been (‘siimatod at l*o9i coulomb, a coulomb, of 

course, being the quantity of electricity wlwch corresponds to 
a flow of one* ampere for one second. The ratio of c (the 
charge of th(*« (*.I(H tron) to m< (its inass) has been found to be 
177 : 1(9 in electronia<:netic units, and this value of c ni will 
be found ustd'nl in calculations. 

Electron Theory. —An at(»m of an elenuuit is supposed to 
consist of a jiositive nucleus, or core, around which levolvg a 
number id electrons. Nothing, or little, is known of the 
positive C(ft’(‘, although its mass is very great comjiared to 
that, of tin* electron. The chemical naluie (4 an atom appears 
to depemhim the number and arrangenunit <of its electrons. 
Tlius the difl’ereiicc hetweini gold anti lead is jirobably that 
III one cast; t.^u*rt* are moiji* elt;cirtms than in the tiTlier. anti 
the.ii; arrangemcHit is alst) jirobably tlilferent. If we ct>uld 
altt;r tin* number t)f tin* eleclrtnis in an atom we wt)idil very 
likely be abh; tt) cluinge lead into gt)ltl, t)r rice versa. I8t) fat, 
nt) physical foices* at t)ur dispt)sal have bt;tMi a.1>le to alTect in 

* f<ce "J’hdtnKcii’s book “Condiu’tion of Elortricitj through tiasos," and 
hi» l)^)ok “ 'rho (’orpusfulur I'hcoiy of Mjfttcr " ((’ousM)le & ( o ). 

t 'Phis nanu' was givon to the olootrical ctuirge carried by oiio hydrogen 
ntoHi by 0, Johnstone Stoney in I8t)> 
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tlie slightest degree the structure of the atom. We thave, 
nevertheless, in radio-active metals, examples of atoms emitting 
some of their electr6ns and therefore changing their character. 
We cannot, however, accelerate the process, which is exceed- 
ingly slow. It has been estimated that it would take 50,000 
years for a piece of radium (a radio-active elenu'.iit) to cJiange 
to an plement of slightlv different charai^teristics. 

In addition to the electrons which form part- of the essential 
structure of atoms, we have another typci which may be 
detached from the atom. Tlicse electrons, which vary in 
number according to the elements to which they are attached, 
give the atom some of its jdivsical proj^erties. .Normally the 
atom possesses no electrical charge, the positive nucleus and 
the electrons neuti alising eac*h other. 11 any .of the detac-hable 
elections be taken away from the atom, the latter l)e.(*()mes a 
positively cJiarged ion and exhibits all the })io]»erties of an 
electrically charged body. If additional electrons l)e jdaced 
on a normally uncharged atom, the latter ))ecomes what is 
called a negative ion and pos.sesses the characteristics of a 
negatively charged body. The difference, then, between a 
positively charged body and one negatively charged is that 
the former has a deficiency of electrons while the latter has 
an excess. 

Frequently, when two sub.stances, such as ebonite and wool, 
are rubbed together, one l>ocomes iK'gatively charged while 
the other receives an equal j)ositive charge. This is exjdaincd 
by saying that (dectrons are taken awa}' from th/*) wool, making 
it positive, and placed on the ebonite, thci cb’y giving the latter 
a negative charge. 

If a certain body possesses more detachabh^ elel^trons than 
another, the first is said to be at a higher negative j)otentiaI tlian 
the second. If the twcj bodies are close to each othei in air and 
their potential difference is made very gr(‘at, the electrons on 
the n(^lra‘tively charged body*\vill eivleavmir to cfoss ovefto the 
lx)dy which is deficient of (dectrons. A s^Hirk may result, 
which js the visible result of tlm passage of the (de.ctrons 
^hich, through friction and iriquict, rend(*r the air between 
the gap white* hot and therehm^ luminous! Tliis jias.sage of 
electrons (.onstitutesan electric current, wdiicli may lieconsidered 
to be a flow of negative pajticles of (dc‘ctricit,y from in^gatiNC 
to posii/ive. Tnis ap]>ears to be in cont-radi(dion to‘ the 
convention, decided on behiic electrons w(‘.re discovered, 
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tliat i^lectricity always 'flows from positive to iieoative. This 
sJiould, however, i^ive no difficulty when understood. The 
^uthor, throughout this volume, when speaking of an Electric 
current flowing in a certain direction, will be referring to the 
direction in which the electrons are flowing. 

Tf»two bodies at different potential be connected by a 
metal wire, electrons wdl flow from the point of high negative 
potentlhl to the point of low negative potential.* If glass 
were the connecting medium no current ^would normally 
flow. The metal is said to be a cond^ictor and the glass 
an insulator. The difference between the two is that in 
the cases of ^ conductors the detachable •lections are more 
()r less free to move about from atom to atom, while in 
tJic case of insulators they are bouifd up with their atoms. 
The former type are termed free electrons. It has been 
estimated that there are about IO 22 free electrons in a 
cubic centimetre of cold metal. Conductors of high resist- 
ance possess rnycli fewer free electrons, while insulators 
poss(^ss none, or very few'. As has been previously stated, 
if 1*591 X 10*'^ of these free electrons pass a certain ])oint on 
a conductor in one si^cond, the strength of the current is one 
ampere. Th(5 curient is proportional to >he rate of flow of 
the electrons, ' 

Emission of Electrons from fieated Filaments. — Having 
digressed a litth'.to discuss the elementaiy facts concerning 
elfiictrons, w'e can now return to the important question of the 
factH)i\s governiiyr the rate of electron emission from an 
incandescent filamoii^. The factors are : — ^ 

(a) Clie suifac-e area of the heated fllamiint. 

, (b) iTs tem])erature. 

(c) The substance of wffiich it is composed. 

{d) •I'he natine jiud pressure of the gas in w'hicli the fila- 
^ imuitjs heated. 

(а) Tlu^ niimbor of ekctroiis emitted per seciftid is, as 

would have been expected, proportional to the area of tjie 
surface heated. A lilainenf twice as long as anotjier will 
omit twice the nynilier of electrons in a given time, provided 
it is at the same temperature. * 

(б) The temperature of the filament is a very important 

*• The words higher potential^ as usually used, rcifer to hipher positive 
poteatial. By higher negative potential a preponderance of electrons is 
Implied. • 
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governing facte )i‘. At low temperatures no elections wlii«tever 
arc emitted. As the li lament becomes red hot (at about 
1000" (J.) a very suiall number of electrons is emitted, which 
increasci^. very lajiidly as the lilament- is still furthoj* heated. 
The maximum thermionic currents are obtained just before 
the filament melts. It may be noted that the meltings jioint 
of tungsten is ^’JTO C., while that of ]>lp.tiniim is IToo'C. In 

])ractice. the Itlament 
is heated )»y j)assing 
an ehu'tric cuiTcnt 
tlirough it. In Fig. 1 
is givjm a curve 
which shows liow tli^e 
jati^ of (unission ol 
(electrons Irom tung- 
st(*n measured in iril- 
liamjxu'cs ])(‘r sijiiaje 
c(*n[imetre area ol 
lilanuMit. varies with 
tin* tempeiature to 
w liicli the iilameiit 
raised. 

(c) ’ ( arboii fila,- 
iin‘iits were tin* iir.sl 
to J»e list'd, but the 
th ermionie cuireiits 
ol>tjpjif,d are not so 
;ireat as lliosc^ which 
are, (UiiitU d from , 
tungsten find tajita- 
lum. The, lilt 1-«*r can. 
morcjovej'. • be raised 
to very higli teinjicratures, at which tlie rati; ol emi.s.MiUi ij; 
great. (Carbon, on *the, otW*r Invid, is mucji more. easil\ 
volatilised. Platinum has be.en used but gives even smaller 
currents than carbon. The be.'^ * radiators of <‘lecn-ons are 
the alkaline earths. Filaments coated with lime or barium 
oxide., wdien hified, give strong emanations I>f electrons. 'Fhe 
disadvantage*, of such coated filaments is tliat they cannot 
e-onveniently be heatexj to hjL'h lenijieratun^s but inaelily burn 
out or become disintegrated. In and ibOl. A. Wefnielt 
investigated the thermionic emission from platinum wdres 
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t with oxides of ottlciurii, hariiitii or strontium. G. Owen 

has stifdicd tlio omission of oloc.trons from th(i <»lowor of a 
Nornst lam]) which (;onsists of oxides of •rare earths. *1^ It is 
ifn important j)oint t.o note that a slight addition of thoria 
to tiingstiiii vejy or(»atly im|)rov(w th(^ emission from this 
UK'.tal^ although the sli.t»ht irregularities caused thereby make 
filanuints of this comj)osition unsuitable for the receiviic^ 
valv(‘.s<>o be discusse(f. * 

• (d) Anoth(;r facto i‘ which affects the (imissiou of electrons 
from heat(Mi iilaments is the nature* and® prtvssure of the ^as 
surrounding the*- lilament. Tln^ presence of oxygen or any 
^as contaiiiiiii* oxyueji, even wluui jit as^low a ])ressur(^ as 
J/l,0(Mttl(l0 mm. of ni(U‘ciirv, will cause*. (Ixi ede*ctre)n emission 
to be‘ much hiss tliaii that e)btaineid wluiii the vacuum is almost ; 
|)eirieict. Jlyelro^eii and a feiw otln*r inert i^aseis appe;ar to 
iiave tlui o])j)osit(*. e‘nV.e*t. H. A. Wilson has stated that the 
hyelro^ein oecludiHl (e.e\ a))se)rbed e)n the surtace) by |)larinum 
liiis an ini|n)rlant l)e*arini; em the emrssion of ele*ctre)ns fre)m tliat 
meital. li this *liydre)oen. whieli idatinuin lias the peculiar 
{)re)j)e*rty e)f retain imi e»n its surface, be diivem off by heiilinii 
the tilamemt in niti ic acid, the emissiem is reeluce‘d to 1/250,000 
of its pre'vious value*. Irving Langmuir, Jiowever, has feiund 
that the ])'*e*sline*(* oi hydie)!:en uiratly decirase'.s the emiission 
from a tiiiiiisteiii lilam<‘nt. • 

From the* above remarks it will be seem that fe)r a i»iven 
bulb and fila.inenl and for a e*ojistant pressure of any L^as that 
niiJ'y be‘ in the bulb, the tvU’ of vlcrtron vnusiOoH (s solely de~ 
pviidcht on the* tern nv rat urc oj (lie jilantent and on no either 
facto]'. • ' 

The ifctual rate of eunissieui as ^iven in 1001 by 0. W. 
llichaidson.t tJ e* iirst seuiems invcstiuateir of the sidiject, is : — 

1 - uT'c T 

whert* / -* (ihict-reui eiiiussiem pen* sejuare cm. eif the hot beidy, 

T — ab>oluto teifiyerature eif the boely, ** 

a and b = cemstants. • ^ 

c -’2*?|{S (base e)f Na,pierian loaaritiims). 

* S.‘o (J. /V///. .IL/f/., viii. p. 230 (HK)I), “On the Oiscliarge ul 

Elcctmity fn>ni a XtTiisi Filaiiieiit." 

/Vo.-, ('umb. P/nI. Sor., 2, 285 (11K»1) ; P/nl. 'j*rans. lioj; Soc., A , 201 

( am) ^ • 
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The following values have been j^iven for the con( 5 tai!its 
a and b : — ‘ 

For carbon : -,7=1 h = 9*8 N 1 (H (J . J . Thomson) 

5 , j.)latinutn ; a-7*r)XlO“‘\ 6 = 41)3x10^ , „ * 

„ tungsten : a — 2'3G X 1 fc - rr2() X J (H (1. Langmuir) 
It will be seen that for lower tempei-atures the electron 
emission is greatest from carbon, and that stronger omission 
from tungsten is obtained because it can be heated to hs high 
a temperature as 2000° Kelvin (= 2090° absolute temperatme. 
The absolute temperature is obtainable* by adding 273° to 
the centigrade temperature). 

Thermionic Currents. — When a filamejit is heated, the free 
electrons within vibrate at a rate whicli rapidly increases as 
the temperature of the filament is raised. Since the electrofi 
has both mass and velocity, it is capable of doing work. In 
other words, it possesses kinetic energy which is equal to half 
its mass times th(j square of its velocity. As the velocity of tiie 
electron within the filament increases rajiidly with the temper- 
ature of the latt(*i*, the kinetic em*rgy becomes so great that the 
electron oozes out from the filament at a speed of about 
15 cms. per sec., overcoming tlie force which normally retains 
the electron within the filament. Since the nucleus of an 
atom is positive, it attracts its parasitic negative electrons, 
which therefore require to attain a certain sjieed b(*fore they 
can leave their jiarent atom. The electrons, while endeavour- 
ing to escape, continually take jiart in collisrons. so that it is 
little wonder that when tliev leave the surface (J* the filanxml 
their velocities vary, as do also their orbifs of highl. In 
general, their orbits arc* j)arabolas ; v^ien they ^*acli the 
surface of the filament they me(*,t with o])j)osition»fr(uii the 
molecules of the hjw-pressnn* gas within the glass bulb, and 
when their* energy is exhausted, they retiii*n agawi to the 
filament and are reabsorbed, just as a stone when thrown into 
the air returns agaiii to earthy 

When a filament is heated by means of an (‘lectric current 
a Aiagnetic field i.s i^stablished rouitd it in the form of rings. 
Th^is magnetic field naturally affects to a cei tain (*xtent the 
path of electrons as they are emitted from th^ filament. 

Space Charge. — The electron, as it (mjeigc^s from the 
filament, has to overcome, not only the attiactive force of the 
filament and the rftsistam^e of the afieiiuated gas (the greater 
"the pressure of the gas the grejiter tin* resistance), but also 
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thte Eopulsion exercised by the cloud of electrons moving 
about It a greater distance from the filament than its own. 
This c-loud of electrons, consisting as it (]f)e,s of tlnnisaTuls of 
fJarticles of negative electricity, is an actual negati>^i charge 
in space and is therefore gentirally termed a space charge. As 
our olecti’on tiavels further away from the filament, the 
number of elec.trons ip front of it decreases and the repulsion 
of the* space chaige consequently becomes less. Moreover, 
tlk) electron is now helped on its way by the space charge 
behind, it, which coiLsists of electrons wdiicfi liave just emerged 
from the filament. It is important to note these forces 
acting on tlje electron, because latej*, wh«n ^ve discuss the 
action of the vacuum valves, we will see that they account for 
several curious phenomena. 

The space cliaige was apparentlv first explained by C. D. 
(hild, in 1911.* 

Effect of Introduction of Plate. —Suppose that we have a 
very highly exhausted glass bulb containing a straight tungsten ^ 
lilamenl heated to incandescence by means of, say, a lour-volt 
accumulator. El(‘cti'ons w'ill be emitted. Some will go to 
the insid(^ of the glass bulb and charge it negatively. This 
negative* charge w'ill ]>j-event further electi’ons from leaving 
the neighbourhood of the filament. It wdll noi, it is important 
to notic(*, allect the rate of emission, which (other things 
jemainini» the saip(^) is solely dependent on the temperature 
ot\ the lilameiit. The final result is that the electrons all 
ret inn again U the filamenf. 

Xow' let us imagii^e that we have introduced into the bulb 
thin umoiinected metallic plate about 2 cms. distant from 
the lilaim'ilt. The. plate, of course, has no charge and it is 
theit‘fore at a higher positivi* jiotential, relatively, than most 
pai'ts of the bulb. Electrons, w'hich always tend to flow from 
a ])oint .)i low positive* jiotential to one of high jiotential, will 
flH*refon‘ acciyiiulatt' on the phute and charge it ue'gativcly. 
This piocess continues until the ])late is so negative that it 
be.gins t.o l•l‘J)(‘l ehn-trons w^hi^h anticipated going to it.. 

Having considered an isolated jdate, let us now suppose 
that w'e giv(* the plate an electrostatic positive charge. Since 
the plate, is positive if has had electrons talcen away from it, 
and it naturally di*sir(‘s to malce good tjie d«*ficieDcy by 
attracting to itself the electrons w'hich are laung emitted by 
* Sots rhyaical Rcvicic, xx.\ii. p. 489 (1911). 
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tlie In otlie?’ words, there is'iin electric field cx-istin^ 

betweijn |)late- iiiid filaineiii. ijines of force leave tlic jJate 
and end at Die lilamejit. Jt is aloiiu these lines that a unit 
positive icliari:e of «.*]ect.i'R*it y (the unit formerly used) woulJl 
travel. Elections, beiiii* imualive. would travel aloiii; tin; 
same lines but in the opposite direction or sense. AH this 
is equivalent to sayinu that the positive plat(^ will yttiact 
QeL*ative eh'cl-rous to it. This attractive force will ^dejicnd 
upon the poteiitjal of the ])la.te rehitivt* to tin* lilament. The 
work dou(‘ on tlu^ electron by tlie electric, field between our 
two points is equal to its charge mulri]»li(‘d by the dilVereuce 
of potential bc^twreu jilate and iilaiueut. Tliis^work appears 
as the kinetic enemy ])ossessed by the el(‘,ctr(>u as it reaeh(‘.s 
the plate. This eu(M‘i:y is half tin* mass of the “lectrou times 
its linal velocity s^piared. We therebMc lia.\(‘--- 

— IV 

wluMc HI — mass of electron. 

c — chame 

r -- iinal sj »♦•(•(! of electron 

y — potential diHVrencc* betweiMi plate and iilaiiKUit 
From this we let- 

'• ^\/( iv " 

^ /// 

Tlie ratio lias Ikumi lound h\ vaiions 'methods to einial 
Vi \ 

I'TT: IH'. \vhen c is me,asunMl in (*lec,tromii;^fietic units and 
in liranimes. We see then tha,t tli^ ele.ctroii attains th(‘ 
followinii vclocitie.^ lor the plate potentials iiiven 

Plate V(jj;ia(;e. Elec'jhon X'klucitv! 

1 V. b.UOO cms. |)#r sec. 

KM) V 

• 10,(MM) V. • . ^ 

9 

W C;, S(*e, Jrom this that the f•!ectron stiihes tlic jilate. with 
<?r)nsi<h‘.rable force- and il there, aie snllicient (*le,ctions tliey 
will, by th(*-ir *])omliardnM*nt j increase tin* lempe.rat.uu* of 1h(‘ 
])lale,. For a similar jeason, if a metal tari^c^t is tired at bs' a. 
mac]iine-,L;ijn the^rain of f)nllets w'ill re.ndcn- it warm. Dnrin;.'. 
some cx])eriments, the autlu)!* found that a bombardim*nt of 
bXlO^'^ electrons per secojid travelling at about. i2d,d00 cms. 
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p(M* (or 45 mikw jx'.r iniimto), was sulfioiwiit to mako 

n^d-liot a rnctal plate ol ‘5 scj. erns. area ai)(i0’()08 in. tliit;laiess. 
• A iiimiber of elcietioiis bonuee, olT the ])late, or are reflected 
by it, but I’etiirn and arc*, absorbed by it? Under some eon- 
ditioFis the cilc^ctron bomliardmcint liberates a number of 
sccondftr// electrons altach(‘d to the* atoms of the j)late. These 
extra electron^, imlcis^f sj)ecially eollc^ctal, are also reabsorbed 
by the*, plate*-. 

The, flow of (*!(*, etroiis bc*.twc‘c*n the filameiiWand our isolated 
])v)sitiv(‘ly charged ]>lat(* p()ssess(\s Jiiaunetic (pialities, just as in 
the* cas(‘ of ii, cui’i'eiit flowiiiLi alone a m(*tallic conductor. The 
j)ath of tiui (‘.l«(;trons may be* d«*flcH*t(‘d by mT*ans of a powerful 
eJ(.*.cti*(muiLiiiet. although this is n(>t very .simply dcuiioii- 
strat(‘d, sinc(‘ a str(‘am ol (*Ic*ctrons is absoliitelv invisible. 

It may als<» bi* meiition(‘d iic*i‘e that the* attraction of the 
platc* cause's a .stiain on the filament itself. Jf tin* plate is at a 
suHiciently hinh voltaic*, it may ewen bn*ak the filainc'iit. J1 
the- jilatc*. how(‘v^*r, lx* made in the form of a cylinder sur- 
roundiiii! the* straight filamcmt, tlu're is in the* ideal case no 
strain on the lattei in any one* jairticular dirc'ction. 

Maintenance of Constant Potential on the Plate. — W e liave 
simple imacinvd, .so fai. tin* conditiems c'xisfini: when the plate 
is isolated. Att(‘r attractinii elc‘(*tron> lor a shojt time, tlje 
])late lo.scs soii)(‘ ol its jx).sitiv<* charge*. Finally, the electrons 
complex el\ neutr«liso the cha-i^c* and tlieji be^in to charge* it 

.1 jicLiatix e ]x)tential. li we dc'sire to maintain the How of 
eh'ctrons tronf j lament to j)late we will reejuire to maintain 
the latlei’ at a constivit ]x»siiive potential with respect to ihe 
• filament to a jiortion <»1 the filament. W'e can do this by 
connect inj,: the positive side of the inanuuit battery to the 
jilate, Ol l)y connect inu a. battery across plate and lllament. 
W'c* fn‘(juenll\ 'he jilate the or positive electrode, 

tfind the*- fj lament •! lie cu/Aodc. or negative eh*ctrode. 

Potential toadient alorife: Filalhent. Since the tilaments of 
\a.lves are iu*arlv always, heat c*d by mc‘ans of a current., 
there* is always a ynuhvHt alonu the tilanu*nt. altlionjili 

its dt'cided iiii))oiJ-ance. in praclic-c* is not uenerally rc*(*ocnised 
or imch‘rslo(x! by stn(lc*nts. Tlic*y fre(|uently fail to under- 
stand why it makes a dilTerence sometimes when an accumu- 
latoj' IS incorrc*ctly comu*cted across tlio 11 lament of a 
valve. Fiii. '1 will Jielp to make the mat ten* clear. The thin 
line AE represents a lilameiit of even diameter heated to 
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PLATE 


FILAfOENT 


ZERO VOLTS 


OV ♦IV ♦ZV ♦SV ♦4V 

ABODE 


4V 


(«-)G 


jjvwwl 


Elo SllnW17l;: ]K)t(‘71tial <llO|» .UK 

tlK‘ tilaiiK'nt (»f a valve. 


iiicandcsccnco by <aii acciinnilator II. Tim voltaiic across the' 
liiamejif is 4 volts.^ A the iic'^aiivc and E the positive 

end. It is most convenient, and the })rin(*i|)li^ will be adopted 

tliron^hont this volume, 
1.0 consider the end A as 
liavinu a potential <»f zero . 
v(»bs. Tlu‘ potential of E 
wmII tlierefore be -f-4 volts. 
The ])oiential of C, the 
midw^ay point on the 
ii lament, will have a 
j)otential -1-2 volts. 
At th(‘ ijuarter-wa.y ])(hnt 
Ji the j)otential is -\~\ volt, 
and at the t.hi“(M‘-(jiiartei- 
wav ])oiiit 1) is T H volt':. 

Ill Kiii. 2 we hfivc* also 
a iesistanc(‘ VZ, preierably havini* a hiiih value, and a slidin.iz 
contact R, show’ji a.s an arrow'-liead. lfetw'(‘en the platt‘. showTi 
as a thick lin(\ and the jH>iiii H is a sensitivi* ualvanomcter (i. 

Tlie potential of V wdll 1 m‘ zero volts, tliat of Z w'ill be 
+4 volts, that of X will b(‘. -t-2 volts, and the ])otentnils of 
the quarter and th]ec-qiiarter-w’a\' j.oints W and Y wdll be 
+1 volt and -l-3 volts r(*spectively. lnterm(‘diate potentials 
may be obtained by sliding R al<»nu A'Z. 

Let ns iirst place K on V. Since! tbe p]at(^ is connect “.d 
to R, its potential will he, zero, ft is at the sime voltaic* as 
thfi point A. It will therefore be at a Potential 1 volt lower 
than B, 2 volts lower than C, 3 volts low^er than D. and 4 volts , 
lower than E. There w'ill tlierefore b(i no teiub'Jicy for 
electrons to flow' to the plate from any ]>(>int of 1b(^ ii lament, 
since the. plate is Ciunjjle.tely ne.Lrative to all j)arts W the lila- 
meni. Let us now' place R on \V. The phit(‘ will now havi^ 
a potential of -J i volt. Jt will therefore be it a poU‘ntial 
I'volt hi,Ldier than A, J vfflt lower JiJuui f.’, 2 volts low'er than 
D, and 3 volts low'er than E. Since tin*, plate is ])ositiv(‘ to 
the portion AB of tin? filament electrons Jrom this jiortion 


* III practice a nry Hiiiall electron <hit(*iiI pfi'-.H*?, In tin- plate and n»irinl 
via U to K, wlicn the liiainerit heaU^d to a liiizlj teinpeifitiire or tin* plate 
ie clo8^*. to AB. 'rhisjs Ix'cause eloctrons are fomd on to tlie plati* by t heir 
velocity. I.aUT, the reader will find that in 1 mj1I)h eontainin^ H'v'ery 
Hmall current is liable to flow in tbe opimiiL direction, due to the jdate 
attracting positive ions 
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wiM fl()w contiiiiioiisly Ik) the plate and round the Tplcite circuit 
<]R, })^)diicin,ij; a deflection in the galvanometer G. These 
conditions are shown in Fiij. 3. More electrons are Hrawn 

ffom the “ A ” end of AB. ♦7volt 

since the plate is at a plate 
liighei; potential to that 

end than the “B”^en(l. filament''""®*^ ° ^ 

No elflt^trons an*, drawn 

from the actual jioint B, |j| J 1 

since the j)ot(‘,ntials of B • 1“ 1 

and the plate are the 

same, nanieslv -j-l volt. 

No electrons, of course, are WA x 

(ITawn from the pai t of the IR 

filament B to K. since th(i 

• 'rrii 1 nl -f I 

to that ])oiii()n. The act ual 

current flowing from tlu* (ilanuMit to the plate, usually called 
the thermionic current, is only a fraction of the actual electron 
emission from AB. It would take a very much stronger 
force than 1-1 volt on the plate to draw up all the electrons 
emitted from AB 

If th(‘. sli(l('r R 1 k‘. adjusted to tlie point X, the plate will 
have a potmitial of [-2 volts and will draw up electrons from 
the portion (»f t he. filament A +2vdlt5 

toj'. since it is at a relatively plate 

higlitM' voltage.. No el(K*trons, 111 I I 

howtiver, will llotv from the filament ^ ^ ^ ^ 

portion C® to K. sin^e the 
* platen, beiu!! rt^lativelv nega- ^ 

tive* to ('R, rep(»ls them. 

Tluisii c.on*lit ions ai'e shown 


+ 2VDLT5 


ABODE 


in f. Th(‘ tlu finioiiic 

Suirent. as rc^i-sU^j-d hy (J, 
has imacasiMl 

Similarly, if R is at V, 
the plat.e will dniw up 



Fu;. L- Slmwini: llu* ]»la<o Urawinii 
<*h*rtr(»ji.s from half of the tilamciit.' 


electrons from thSt portion 

(d tlio filaiiiout wliifli is nt aJowor potential than itself, 


n.-uiielv. the part li(>t\veeii A and D. Tlu^ current tlirmi«-h G, 
whidi is the, ('ipiivulent of the current hotween f.li.tncnt and 
plate, inci eases, iis shown in 5 
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Lastly, if R bo ])lacod at Z, or in other words if tho plate 
be connected diiectly to the j)ositive tnul of the filament, the 
plate Vill be at a higher potential than any point on the lila- 
nient, and wil therefore attract elections from nvT?/ poin< . 
The dotted lines of Fiu. 0 show the electron tlow and illustrate 


PLATE 

filament 


+3V0LT5 


ABODE 


PLATE 


FILAMENT 


+ 4 VOLTS 

I I 

ABODE 


(/)0 


W X 


r. 


Iwwwvl 

W X Y 


Fjc. — Siinwinu 1 he plate af :i Kli;. •> - The plait' <lra\\ iml: clrct i oils 
]»!>t<*nlial Ilf • ;i Mill-. fniTii part di flic lil. uncut . 


how it is densest towards tlie m^iiative side of the filannuit. 
The iialvanometer (r will rcji.stei a still hialnu* thermionic 
current, lnit the hitt(‘r will still be very small and of tin' order 
of (t'l milliamp(‘i(*. As IJ lias heen movt'd aloni: \'Z, this 
current has rajiidly incr(*ased. jtartly because a ,i:?(‘ater jxution 
of th(^ blanient has come umler tlie infliif'nce o1 tin* pla.te. 
and jjartly becaust* th(‘ attractive* iorett, 7'epie‘sent(‘d^ bv Hw* 
plate potential, has also increased. 

• From tlie above considerations we* s^ti that — 

(1) If an electreiele* within a. vae-uuiii l)e* conne‘cteMl dir(*ctlv 
to tint negative end e)f the filame*nt. the*n‘ will he* no lend ‘uev 
for an e*le*.ctre)n flow tei be establislie*d 

(‘J) II tlie (di'ctroehi he conn(*ete*d dire*ctly t.ei the persitive 
enel erl tl^e* tilanie*nt e‘lfKtreni> will fle»w fronr (‘verv pait ol-tht 
filanie*nt ter it. since* it is at a lii;j]je*r ])e)te*nt ial tli.Tii i Ik* lilanje*nt . 
iTerst erl the^ e*le*ctrem eairrent wili.eome* lidin the* iie*'ja.t ive* e*rid 
ed thf^ filame*.nt. since it is there* that the* ])e»ti*nlial eliiy<*re‘nce* 
1)e*twex*n e?leictr;e)de* anel lilame*nt is .L!reale‘ht . The* |rot(*ntial 
erf the^, electrode will he* persitive*, anel e*e|ual to the^ K..M F. 
acre^ss the fihimemt. 

If thei li^d>tin,i« ae ciiniidaferr he-shimte-d hv a re-si.s^iijr c 
which has a variable earntact .sliding alerijc it. and tJjc (*|(‘( tn,(le* 
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bo VoiMHH'iocl to slidirii* contact, tho pf)tciitial of tho former 
may lx* varied between zero |^nd a positive value equal to 
the rt.iA'I.K. of tli(' liulitin.Li batrl'i v. The^flectroii flow So the 
elSictrode will liradiially increase as tb(^ slidi^t* contiict i^ inov(‘d 
towards the ])ositiv(‘. end of the resistancM*. 

Avoidance of Potential Gradient along Filament. — The 
potential uradient aloii^n a. iilani(int is always a coTn])licatioii, 
althoii^4i ])ractical advantage is often taken of it. It becomes 
a H^iiioiis factor wluni the voltage across the lilarnent is, say, 
.*>() volts, as it may Ix^ in tlu* case oi a larj^^ valve. To avoid 
the (‘llect-. the Ala,rc.oni Coinjiany and JI. »!. Koimd have 
siitroested. in British Pa,tent ti-lTti/lblo, nsiin# a. jdatinnm tiilx‘ 
coated with lime a.nd lieat(‘d to incamhvscence. bv means of 
lifanxmts jiassin^ throiiiih tlx* c(‘nt?e -of it without tonchiiiu 
it. The (J(*rxMa.l KlecinV ( ‘onijxiny have proposed an anan.ue- 
m(*nt which is shown in Eiu. 17. and (‘\j)lain(*d later. ]>y 
moans of the tirst a-rraimement tlx^ iila.nx*nt may be made 
mnitral with reoard to tlx* el(*i‘tr<xlc. The .Marconi device, 
thoiiiih (‘X]^eririx*nta.lly succes.sful. has been of lUi commercial 
vaJix*. 


F/^ 


Methods of applying Potential to Electrodes.— Orx* method 
of aj>]ilyin;' a variabh* potential to an (‘k^ctrode has been 
uiveii in luif- -• This 
potential, however, trill H VOLTS 
ahntffH hr posit ire and is ’ 
ix‘.ver greater tliaii the 
E.^UK. f)l tlx* t bull tina a.c- 
cuiiinlator. \Vt* Tretpiently 
requirt* tli^ electrode ^o be 
at a. mix'll •Ax/Z/cr potential 
and sometimes at a. Htyafirr 
]X)t(*ntia-l. • There an* one 
oj- two .diulilK' dill'ient 
nx*l.hods ol elb*ctinL tin’s. , 

((t) In V\ii. ^ a battery 1 1 
is inclixl(*d in tlx* el(*ctrode* •* 
circuit. II’ tlx^ (*lectrod(* be 
the ])lat(‘. t)f a valve, this ba.ttery is nsnally tf*rm(*d a plate 
haltcn/, and soinetinu's a hiffh-tmsinn battery, although this 
latter term is not nsnally a correct one. A battery of 100 
volts*; compost'd of dry cells in series, variable by n.eans of 
ten-volt tappings, will be a suitable size of plate battery for 




'I' 

7. rsiial mi'lliod of applMUL^ a 
pnU-ut i.-il t<* ail I'lt'cl mile.# 
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use in plate circuits, aithoui^h miicli smaller batteries may be 
used with some valves. 

For some fuupdses it may be required to place a negative 
volta^^e ,on the electrode. This can be accomplished by 

+ A VOLTS + A VOLTS 


H A 

^|l|— Mil 

Ftcj. 8. — 'I'wri iiu'IIkkI'' I'f lilt* •« p‘»t4'nt’;il iMiual l<i llu* I'i M T 

«i1 llu' L.ittfiy, 


reversiiiL* H and coniK'diiii: its ii(^!iativ»‘ side to th(‘ electrode 
and its positive side to the iie^iative (*nd ol tbe accumulator A. 

Note. — I t will be seen that the battery H is connected 
to the jicgaticr side of the jotir-volt accumulator A. If we 
desired to iriv(‘ tle^ electrode a jm.sitive potemtial of -|- ‘J volts 

we would connect a four- 
volt battmy as shown in the 
left-hand circuit of Fiir. 8. 
This, it will l>e sc*en, may 
be accomplisbed withoul the* 
cells IJ, })y connecting the 
(ilectrode directly ♦ o 1 lie pod- 
five side, of A as showm in 



I ! the ri^ht-hand circuit. Siini- 

j hirly, if we d(^sin‘ to eive 

I 1,1 , , ^ cl(;etrode I* a jxd-entia! 

"Ijlj Nnilts, inst^id ol 

eounectinii a tim-volt bat- 

aiJo^-itivi pnOutinl 0 iM*h*»tioiio. y uoL^atue to the 

, negative of the accumulator 

{FIl^ 7), we may us(‘ a .six-rnJf battery witlT its jiositive side 
connected to the jfositivr of the accumulator, as shown in FiL^ 9. 
]f the accumulator voltai^c were lU volts and tJu*. potiuitial 
required on the <flcctrode wen‘ ]00 volts we w^iuld only ’nec^d 
a battery of 90 volts provided.we coniuicted its iiei^ative side 


Pjo. U. — Ecfnioniical im* 
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to'the jpositive of the 'accumulator. We therefore elf cct an 
economy by using such an arrangement. ^ When the ^)ltage 
of the accumulator is small compared to the voltage to be 
pfaced on the electrode, the economy is, ofr course, n^ligible. 
If, however, we had 30 volts across the filament, as may be 
the case in large bulbs, 30 volts of the battery H would be 
unnecessaiily wasted ii we used the coimections of Kig. 7. 
By usiif^ the Fig. 9 connections we would save that 30 volts. 

•If our electrode is to be given a voltage, we ob- 

viously connect the positive side of our battery H to the 
negative of tlie accumulator. Fig. 10 shows that if we mak 






10. — Showing the ctleet <>1 eoiiiiectiiig the eleeirodc to differeiii sides of 
the aeeumulator. 


oup connection to the positive of the accumulator we would 
re(|uirc fouj- vofts^iu opposition merely to bring the potential 
of our electrode to zen^ * 

• To avoflj any confusion, the author advocates connecting 
any electivxle batteries' to the negative side of the accumulator, 
as shown in Fig. 7. This arrangement will be shown in most 
of the following diaLO’.ons of valve circuits. A theoretical 
advantage of doing* is that any change in the v(Jtage of 
the accumulat(fi* will not c&use a* change in the potential of 
the electrode, according t# ^our agreed convention. For 
practical circuits, however, the negative of the plate Batter}; 
may invariably connected to the positive side of the 
filament battery. 

(6) To obtain a line adjustment of potential on an elec- 
trode * we require a potentiometer or potential divider. Fig. ] 1 


Utnually applied lt» the auxiliary electrode (or grid) of a valve 

C 
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shows a resistance AE of, say,. 400 ohms or more, slninled' by 
a battery of dry oeDs H of, pcrlui.])s, 10 ^'olts, and possessing 
a slidfnt* contact P. The ])oint E will be at a potential 10 volts 
higher than A. sim^e tlie foiin(*r is connected to the positive of 
the battery 11. If the slidinu contact P be jdaced on (', the 
potential of the electrode (1 will be +5 volts. If jdnced at 
A it, will be zero, if at B it will be \olts if at 1) it 

will l>e -! volt.s.'^ Inter - 1 
mediate potentials a, re - >b- 
laiiiecl by sliding aloniz A K. 
Ji tla* ran'^e ot ])o1tMit iaJs is 
a little too sjn|ill. tli(‘ voltage 
of tlit‘ ba.tters' II may In' 
m('?‘(‘ased. This can only he 
done to a. ccrtaiij ]»omt, 
becaus(‘ t li(‘ current tlnoinjh 
AK may becoim^ ex(HSsivi‘ 
and injurti tJje resistanct* 
(which will usually cans 
ab(»ut n a,m]a*ie). and i In* 
batt(‘ry II ma\ a.Ko be 
injur<*d oi. at least “run 
down.*' It l^ thei‘<‘bu'e 
jireferablc to coimec.T another batt(*r\ in the electrode circuit 
at Q. as sliown ]iy tin* doited line.s at tlie linht (»1 h'n.’. 11. 
This arramieinenl slnuild be used ii it is de-iird. joj- 
examjjle. to have a tineb’ va.iiable voltaLie cn lln* ]>la.ie <4 
a«valve. 

FiL’. 11 shows the electiode. as havin',: a vaiiinble jiuHttin 
])otential. It we ie(jiiiie to 'jive it a variable nvffdhrc jMitential 
we- have only t<» jeverse the c<innections of tlie potent iomet(‘r 
batt(MV II. Thi^ may b(‘ inconvenient, and one o| t«ae airanee- 
meiits de.scribed below may be more suit^ible wlien eitliei a 
posit iv(‘,‘o/' ne;:ative ]»ot(*nti^l <»n im\ cl<*ctrode iiMpiiied 
• A ])ractical jioiiit w'orth notin^L' is tliat tlie \ojia'je o| tlie 
j)otentiomf‘t(U' battery Ji shoidTl iiot be unnece.ssarily luLih, 
fjevans(‘, il it is, tin* sliiilitcst movtuiient ol the slidm-j contact 
P will cause, a consideiable chamje of potential on the 
electrode*, and delicate*, adjust nM*nt will be corrc‘s]M,mlimjly 
more difficult. , 

(c) EiL'. 12 shows a p(»tenlial-divider whicli allows for* both 
po.sitivc and nenative, variublr^ jiotcntials to be j;Iaced on the 
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olectrodj. Tli(i coimoctlon from tho 11 lament is talcen this 
time to tli(' point X, halfway alon^; the potentiometer b^ttcny 
H. The total K.M. K. of II is shown as 8 volts. The potential 
ol^ (/ is Jiow zero. The potential of A i.^ -4 volts? and E 
-1-4 volts ; the potcmlial of B is -2 volts and of I) -[-2 volts. 
The iwranL^ejiKint the.r(‘for(i aives a variation of j)otentia] 
from —4 volts to f 4 iv)lts. If the rariiie desiied wered’rom 
— 12 volts to |-1 Volts, the arranizeimnit of Fii». woidd be 
suitab1(\ The eoiirnTtion X is now made sis shown. The 





Kiii 12 I M' .»t ji |Mit('nli.il ili\ ulri Id Fio. I.’L — I’dtdiitumu'tdi .ui.inut.*- 

dldaiii <Ml I ht pd‘.iliv<‘ nr HdLr.tliM* imail 1(> laiiL'i* 

pdlclll mis dll tin* (‘Idi'l rd(|f. df \dit,lU(‘s, 

• 

• • 

pot(‘ntial of 1) is *Z(M’o. of E -11 volts, of (' — 4 volts, of 
--S volts, (rf A -12 vo'fts. 

Xo l)atl<*rv voltaut* whatever is wasted, and the airanue- 
ment*would adapt itse.lf to the nse of an ordinary L'rajihite 
rod, sneh a* that of an ordinary i)eneil, for the resistance AE. 
It is, liowevi'r, a litth* • oni|)lieatefl on aeeiiimt of the s(‘])arate 
tapliinn from tim hatr-M v. , • • 

((/) Kiu. 11 shows a very useful potimtioineter for i^emnal 
use in valve eireuits. It consists of a resistanee AE IjaviiiL' 
a ta))pin^ taken from its halfwa.y jioint. The j)otentia> 
of the (‘leetrode wflen th<‘ slidinu contaet T is Tit (’ is zero. 
The potential at E is negative and is half the E.Jl.F. of the 
batterv. In this ease, it is — () volts; the^ jiotenti. I at 1) 
is — )V volts, at E -\-\\ volts and at A it is | b volts. The 
ran^e is therefore fnun —0 volts', to -j-b volts. If this is not 
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enough, the E.M.F. of the potentiometer battery^ may be 
increased. 

If a special range is desired, the connection may Jie 
taken 'from another point along the resistance AE. Fig. 15 
provides a range of fi'om — 3(> volts to +1^^ volts. Tlic 
distance KE is made three tirue^ AE. The resistance AE 
should, of course, be great for such a voltage to avoid too 
heavy a current. Otherwise, the acd-nal resistance of AE is 
inimaterial. , 



• Method of varying Filament Temyerature.—TJu; te.nipei- 
ature of the filament, and consequently the niif of elijctroci 
emission, may be varied by including in theiihiTJi(‘nt ciicuit a 
variable resistance (of about 7 ohms in tlie case of tije average 
small valve). This rheostat enables us to cr)i]troi \he iilament 
current, and should, for jnefeience, l)e sttoolhh/ variablt^. cA 
multiple-stud switch may^)e usdd, but a ra<iial arm UKivIng 
*along coils of resistance wire syimigcd in tlie fmrn of a ciicJe 
is much better. 

Variation.of Temperature along Filaments.— Normallj , the 
temperature along a filament is uniform, (‘xcept at the (uids 
where cooling takes place. When, howi^vej*, lliore is a.j)late 
current, this current adds itself to tlie lilaimuit (mriejit and 
causes one half of the filament to be hotter than tln^ Other. 
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This maj be shown by arran^inir a circuit similar to the one 


H>. KllVct of currcTit on 
lila nieiit l,cin j>crat ure. 


shown in Fi^. IG. In the plate circuit c)f the valve, is a 

pl^te battery II, and a switcli. The plate circuit may be 

completed by closing the switch. 15 etweeriP the nei»atiwe end 

B of the filament and the 

accunudator A is connected ^ 

an ammeter Gj. Between G T • 

and A is another ammeter G2. I 

If w(‘. leave the switch B »-■ 
open, we will see that the a — 

filament current readings in "T 

Gi and Go a*e the same, ^ • o * jl^ 

Suppose th(? (ilament current, ' 1 | -- — ' ; 

whi(*,h is flowing, according ' " I ^ 

to the electron theory, in ^ 

the direction of th(i arrow* 
heads, be 1 ampere as 

jegisten'd by Ijiritli am- ^==5551 - 

meters. On closing the , 

switch it Will be noticed lilament fcinjxTature. 

that the reading in Gi will 

iiK'njiise above 1 ampere, while that of will decrease below 
that value. 

The. ])h(‘noinena is explained by the existence of an eleotron 
current in the jilatek ciicuit which flows round by H and the 
switch and divides at tin; connection to the filament. Part of 
the electron currfiut flow's via Gi, B, the filament, and thence 
to the plate as showm.^by the dotted-line arrow-heads. U 
therefore r^ivjorv(\^ the electron current, fiom the lighting 
accnmjilator w hich is Gowing in the same direction. Another 
portion of the thermionic current flow's via A, G2, C, the 
lilaniejit, anti tluMicc to flo^ plate. This current op^joacs the 
existing ehnlroii ciiireii* in the filament circuit and causes a 
rediietioii in tlutenrrent passing through G2. The result is 
that the negative half of a filament is alw^ays hotter than the* 
positive half, no matter to wliieh side of the accumulator the 
negative of the platf battery may be connected. In practice, * 
this ])e(uiliar effect is of 110 imjiortance exccpl when the 
tempinature of the filament is already near melting-point 
and the plate current great. Under such .conditions, the 
filament is liable to burn out when the plate circuit is 
completed. 
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Tlio General Elect rk- (.\)ii[ipaDy (of’U.S.A.) and AV.,0. White 
liavnvdevised the lyiraiiLicineiit showii in hi^. 17. The lilaTiieiit 
is heated l)y altoiiiatinii curi'oiit drawn Iroiii a traiisforiner^T. 
connection ftom an el(‘ctr<id(‘, in the valve is takc'.n to 



tli(' middle point X of th(‘. 
sc'c.ojulary wijidine*. The 
l)ado(dl‘e('ts diK^ t.o^tlie |>h(^- 
noinenon described above, 
are dec,r(‘,ast‘d by *lliis 
system 

lVh(!n the filament is 
]ieat(^d by wirrent from an 
acciimnlatoi', cojm(‘ct^on 
mav Ix^ 1ak(‘.n irom tlj(‘ 
middle^ ])ohit of the acen- 
mulator. By doim: this tlr* 
thermionic ])lat(‘ ciir?t‘nt 
acts, loii one half oi tiu* 
filament, in s(‘ri(‘s with onlv 
half the EMF. of th‘e 
accnmnlator. 

Effect of Gas in a Valve. 

— \Vh(‘n thermionic ciir- 


CURRENT SUPPLY 


rcMits wen* first inv(‘sti'jat(‘rl. 


Fu. IT.— W. C. \A lutes laelhod ol t+hon^ht that th(*v 

lUJiUine; coiinectiaii to a tllaiiK'iiI -i i , i 

heated l»v alternatiiiir eiinviit. WCie J)OSSlbl\ J)lodliC(‘d 

throiiuh , .<omt‘ chemical 


action betw(*en the incandescent filam<‘gfcit and tlie siirroimdinu 
^as. Since those days, hoAvever, mneli hioher* de!^r(*es of 
exhaustion have* b(*en obtained and Aa.cna j)i‘odnced oi y.s low 
a jnessure as inillimetie of inercnry. Irviim Lan.mnnir, 
the orijiinator of Ihe hdnl (i.c. ol very lo^' ]>n^ssun*) 
vacuum valve.* has shown that 1h<irvuonic curjejds 
obtainabhi fiom incandescAit filainent.s in alniost ])ure vacua.. 
•lie (^xplaijis that very weak currents only wen*, obtained 
previmisly because the plate voJta.ues w^en* not hiiili ejiouuh. 

* AVlnm the vacuum " of a ^^a]v(^ cojitiyns small (piantit.k*s 
ol .lias, tb(^ thermionic cajrreiits (»btained by ]>laciriu; a positive 
voltage oji th(i j)late ani very much greater than those obtaim^d 


* considered Ihe use of very luird valves Iml lii;.ih decrees of 

exliauHtion \\t r* not jjossihJe at tJie^time. 'I’he hrird valve a|»]»ea,i'.s to liave 
been ratlirr a practical improvement than a new mventiou. 
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wfu^n tlu', gas is ont/ii’^ly absent, provided ionisation lakes 
f)laee.** The reason for this is not because the actual rate of 
(‘lectroji emission is alfecttd, but because tife electrons, on their 
jSurney to the plate, collide with the n^jlcculcs o:^* the gas 
and, l)y th(^ viohince of the collision, shakeout additional fro(‘ 
elo(*.trwns which also join the main stream. The greater the 
voltage on the platc^ the greater will bo the speed of the 
original elec.trons, and therefore a larger number of free 
electrons will be liberated from the molecules of the gas. 
This increase of the normal plate current ^ue to the presence 
ol gas is especially marked when the values of filament cuiTcnt 
and ])lato vol^jage are high. • 

W lien the primary or original electron attains a velocity 
srdlicitintly high to brejik off electron?? from the gas molcdile. 
it will leave the latter positiv(‘lv charged. The gas molecmle 
has been ionised and is now a positive ion. This proc(\ss of 
ionisation by collision is geiKn’ally accompani(^d by a bluish 
glow wliich ])ervades tlu‘ space between filameni and plate 
and sometimes tills ihe entire bulb. The glow is absent at 
cei'tain ])ressures of ga,s, although ultra-violet rays are almost 
invarialdv emitted. Th(‘ positive ions thus formed flow from 
the plate, which is j)<»sitive and repels them, to the filament, 
which is the pr)int of lowest potential in the Inilb. The mass 
(d' these ions is very much greater than in the case of electrons 
and th(‘ ionic boyibardment of the lilanient ra})idly disinte- 
grjites the latter.t It has als*) the (dTect of shaking out from 
the filament atfurther (juantity of electrons. These electrons 
have been termed J )<^lta. rays. In some circumst ancles, 
Jiow('V(U-, 4fhe positive ions form a layer round the filament 
through which tin' eJ(‘ctrons find it dillicult to jiass. Other 
causes of ionisation in the bulb or raeaam tube include* the efTect 
of the hi«h t<*mpc!atin(* of the lilament on the gas in the 
immediate vicinilv, and the ionisation produced by the collision 
of the po.svV fee Jons with tlie gas molecules. A certain amount 
of ionisation is also produced, j)robably by tin* contact of gas 
molecules with the higlily clnfi’ged positive pla.t(*. 

The positive ious, liowever tlu*y may have been formcll, 
have one great' effect. They tend to m*utialisrc ihe I’epulsiou 
<^xercised on newly emitted electrons by the cloud of negative 

* ..If ionis.ii inn is aLsi'nt , the l urrcnt to ilie plato visniJiy increases 

as tin* vacimm bLCornes more jierfeet. 

t Tliia clisiQtegratian may also be iliie to some obscure chemical action. 
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electrons travelling to the plate, l^e })ositive ions, wliile 
moving too qnic'kh" actually to comh'me with the electron 
cloud* and neutralise it in that way, constitute a positive 
space charge whicl\. tc^nds to attract newly emitt(*.(l (Jectronli. 
The screening etlect of the electron spac(^ charge is therefore 
greatly minimised, and the number of electrons able to.reacli 
the plate is very much increased. 

Fjoni the above considerations we see that a soft^ valve, 
that is, one which contains gas, will conduct much more 
readily than a }mrU valve. To obtain the same thermionic 
current, it Is necessary to use a very much higher j)lat.e 
.voltage in the case of a hard valve. It has been found 
that 25 volts on the plate of a certain valv(' containing 
mercury vapour at a pressure ol mm. gave a cuirent 

of O'l ampere. When the pressure was reduced to ]()”'' the 
plate voltage required to obtain the same emre^nt was about 
200 volts, ^\'e may summarise the reasons for tlu*. increased 
current in the case of soft valves, as follows : 

(a) Positive ions, chiefly produced by collision of high- 
velocity electrons with gas mo]e(‘ules, c.ounicjact 
the rejuilsion exer(*ised liy the negative space charge. 
(/>) The electrons liberated from the gas molecules go 
to swell the filament-plate el(*ct-ron cuVrent. 

(c) The positive ions, on collision with gas molecules. 

liberate a number of electroiis winch join the main 
flow. ^ 

(d) The positive ions, on striking the filamiuit, liberate a 

number of additional elections,* and doubtless 
increase its temperature. t 

{e) The high tem])erature ol the filament ionij?es tin* gas 
which comes in contact with it, liherating (‘lections. 
(/) Some of the gas mol(*cule.s are charged qMisitively 
through contact with the highly jmsit.ive plat.e. 


.Simple IIectifyjmj AefroN of the \'ajae. 

• 

Circuit to demonstrate Rectifying Action df the Valve.— The 

{Gvmvalve was ori-rinally ffivoi to the vaciiiini hulh containini' 
a heatod filament and cold plate, hecausc it was discovci ed that 
a flow ol current throujrh thci device could take filace in 
one direction, but not in another. The “ Edison ell'ect ” 
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deiuonstratod in 1884 by the great inventor, is, in the light of 
more recent discoveries, easily explained. We may dfmon- 
trate this valve action ourselves by connecting up the circuit 
sBown in Eig. 18. When the j>ositive side#of H is c(Jinected 
to the plate, an electron current Dows from F to P and round 
the plate circuit H and G, producing a deflection in the 
mill i am m ('.ter G. Jf r^)w we reverse the coniKictions to H, no 
('l(K*,troiT e.urnmt will flow, and no deflection of G will be 
noticed. The valve is, tlierefore, said to possess unilateral 
vondiicticitjj, since it }}asses current in only one direction. 



Is- -To (kmoristratc tlu' n'ctify- Fhj. lO.- — Circuit to doiiionstrate 
in!4 action of a ^alvr. the unilateral comliictivity of 

H valve. 

If, ill pjacii of tlie fiattoy JI, we connect a source? of alter- 
natiuu currAit to ihe valve we can use tlie latler as au arrange- 
ment* foi jH’odueing dirc'cl eiirre.nt (Fig- PO- cuirimt, 

thniigh (limpet, will Im' of fin intermitt (?nt nature, since in‘ 
eurr(?iit flifws for the nrojitive half-eve l(?s of alternating (‘urreiit. 

The Kenotrpn ^ctifier.— The Weneral Eh'ctrie Co.^l^S.A.) 
have in n'cc'.ut vea-rs utilised the uuilat.(*ral eonduetivitv of a 
^ alve for producing direct ciirfents from an alternating supply. 
TIk'v call thi'se rcct iliers Kenotrons (from the Greek Kcnos=^ 
vaiuuni and Trou — an instrument). They are very liard 
vacuum tubes capable of rectifying alteriiatijig cuiTents of as 
high a voltage as 50,000 volts wdtli an efliciene.y of about 
97 pei- cent. Tlu? vacuum is so perfect that when the filament 
is not heated no current passes through the valve in either 
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direction ovi*ii iij) io ])otoiitials of 100,000 volts. Their sfzc, 
of coijrse, depends n])ou tlu^ amount of current they are to 
pass. If tli(* hitter is ^rcat, several henotrons may be con- 
nected Vi paralh‘1.* Although hard valve rectifiers appear To 
have been laru('ly develoj)ed by the CientMal Electric Co. 

( U.S.A.), yet a great deal 
, oj| work has been carried 

out by the Osraift fjjimp 
W'oiks and the Edison 
Swan Electric Co. on 
the production of vejy 
hard rec^fyiug valves 
for high-powTi* woik 
The Fleming Valve. 
— J. A. Fleming was the 
lirst to ii])ply^ ill 1901. 
tli(^ rectityiug proj)erti(*s 
of the valve to tlu* 
rece))tiou of wiiehw 
signals,* ajid il is him 
w^e ha\e to thank for 
opc^niiig up this very 
valuable* field f(>r re- 
search. Ills valve at 
first , consisted of an 
ordiiia ly carbon filampnt 
mcajjd(‘srent lam]).»coii- 
taiiiini:, in addition, a 
spiral ol w'iiv or mdal^ 
])hit-e. FiL!.* 20 sliow\s 
one f)f 1-be oiiginal 
valves us(‘d hv Fl(‘ming 
2o. All I a.rly Ul( II iiiL’ viiKc ill J90|. Ijafer. he 

* • used a i^irbon ti lament, 

.'♦iirroiinded by a metal cyllvder, ^ It is not j)ropos(‘,(l to uive 
details. of tlui Fl(;ming valve, sflico it is liaidly any hmger in 
ftsc as a di*lc(t()r. 

Eig. 21 shows a very sirnjile circuit in which a Fleming valve 
is used to n^ctify the very hiuh-frecpiency oscillations taking 
place in a wireless receiving circuit, due to a distant, ti ansmitting 

♦ J. A. lOi^.Tiing, “Pririniplos of KK-tno VVavc Urlcgr;i,pliy and "I’olc- 
phoiiy,” 2nd edition, ij. 470. Also British Piitoat 21850/04 (Nov. 10/04) 
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station. One ('.iid, the liii;li-]M)toiitial end, of the iiidnctanec 
L2 is coiiTKH'ted to the plate of the valve, while the other end 
js connected to tlu! neeative end of tiu) filament. In the plate 
cii’ciiit. is connected a |)air ot hiah-iesistanee wireless telephones 
T, shunted by a small condenser rheostat K allows 

tin; filament current to be varied. 

WJnm a t.raiii of v'av(‘s is r(*,ceived, the potential of the plate 
? be-comes alternately positive and negative. This occurs, 



Fi('.. 21.- Siniplf FInniiii!: \m1v(‘ cirniit. 

I 

j)ei*haps. at the. rat(* of ri(Ki.() 0 (l times jier siu-ond. When a 
]iositive, half-cycle of alternatiiu; current nives tlui plaU* a 
positiv(‘ • harue, the potential of P IxMomes lireater than the 
|)otj(Mitial *ol ih(‘ iw*i;ative end of tlu* tilanient. EI(‘ctrons 
will ther<‘fore How Irom a ])ortiou of the filament to the 
plate. This timv vill continue round L2 und T a.ud back to the 
lilameiit, so complelinu tic* circuit. Tlii'ie will be practically 
no delay in tl^' esta.bbshnient of this curri*iit.. since thft electrons 
in tin* valve an*, exceedinjdy mobile and possess a nc^lioihh^ 
inertia. ^ 

Hk* next haij’-cycle aivcs tlui plate a neiiative potent Pal, 
and V tlieivfore does vol attract electrons* and no electi’ou 
curr(*.iit. Hows throiuih the telephones T. 

*. Ill 11 h‘ ciisn of (III* .'ictiiiil Flcjniiijf wliicli is soft, n vtM'y small 

(*iirr(‘iu. in tin o/jyio.v/7f (Jinrinm (lows tliroiiijli 'C wlii'ii P is negative. 'I’liia 
is duo to llie Httmeiion to the filato ot positive ions. 
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During a wavo-traiii, the teJeplioiies T receive, pcjrhaps, 
twenty^ very small pulses of unidirectional current. These 
follow too rapidly to be individually audible. It may be 
assumed Yhat the siciall condenser C 2 stores up thesis small 
rectified currents and that it dischai’ges periodically through 
the ’phones, flowever this may be. the resultant ell'ec.t'in T 
is tliah of one })ulse of dii'ect current foT-,each wax e-t i ain, and 
this pulse produ(;es an audible click. Dots and dashes sent 
by the transmitter will therefore produce, shoi’t ajid loilg 
buzzes in the telephone receiv^ers. 
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Fa;. 22. —Graphical rc‘pr\‘seiUatn)ii of tluM'octilication •»! w.i vc-traiiis by a 

valve g 

t \ 

Fig. 22 illusti*ates the complete process. *ln the first line 
we see the wave-trains, or rather oscilla^Vion-gioups, Jn tlie 
second, the negative half-cycl(‘s are iiiissinL^ sinc.e tlu'c |)roduc.e 
no eh^ctron ciiirent through the ’])liones. Th(‘ third line 
shows the movement of the telephone (lia])hrag4n which 
follows th(i average current of thc‘ high-frecjnency r(H*1ilied 
pulses. These avcm/yc pulses 4>f direct c.urn^nt are termed low 
oT^udio fiiiquencv yuilses. The original (oscillations aie (►f high 
or radio fre(piency. • 


The Ottaracteristics or tue Two-Flectrode Valve. 

The Effect of Plate Voltage on Plate Current.— We have sv.en 
that if we increase the voltage of tlici plate of a valve we will 
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iiicreaso the plate .euircnt. Let us try and find out what 
exactly happens. It we conue(;t up a circuit similar to that 
show^n in Fi<;. 23 we can carry out a series of interesting and 
Valuable expc^rirnents which will throw considi^rahle light 


on the working of the 
simple two-electrode valve 
we have so far discussed. 
All a“nmetor G, reading 
up to about 2 amper(^s. is 
included in the filament 
eircuit. A milliammeter 
(]1|, j‘-(^ading uj) to about 
10 milliamps.. is in('lud<‘.d 
hi tlie plate circuit. The 
value of the filament cur- 
j(uit may be vaihid by 
tin* j ho(»stat Jl. The vahu* 
of the ])late potential is 
measured by a voltnH‘t(‘r 
\^l. and may be varied in 



steps of, say, ten volts by 
means of th(‘- ])lat(‘ batfery 


Eio. 2I>. i'iniiit for ob1}liuin^ lia 
inf'ton^tK* (‘iirvi's. 


11. If desired, tlu^ plat(‘ 


j)otential may be made a round number by the use of a 
pi)tenti(un(^ler Pin series wdth il. 


Our first investigation is to find out how' tiu' }>late current 
values as we increase the plate voltage fjom zero. A\'e wdll 
assume our valve is p(*rfectly “ hard.” For negative values of 
plate vopage there ^will, therefore, be no electron current 
registered 'by Gj. TJ’ Gj be sufficiently del icat(‘, an extremely 
small electron cnrjtuit may sometimes be detected even when 


the plaU^»'is at z(*ro or even at a slightly negative potential. 
This is l)(H*.aus(! s(Uiu ol the electrons of highei’ velocity force 
themselv(\s og to tlie plate even4hough they arc iio^i tvanted. 
Keeping our filament current constant at, say, 0 6 ampei’e 
(corresponding to 3*5 volts a(*h>ss the filament) we increase onr 
plate voltages in ste})s and record our results in talnilar forfn. 
An example of siVh results is givtm iu Fig. 24. In this ease 
the steps were regular. 

In order to see more clearly what- information we have 
obtiCined, we can plot our results on squared paper iu the form 
of a curve, which is known as the characteristic curve of the 
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valve connecting plate* voltage and })lat(j current. Fig. 25 
shows Vhe c,urv(\ Plate voltages are inaiked along the 
horizontal or “ Y axis, and plate enrrenfs are marked along 
tHe vertical or ‘‘ X ” axis. . • 

We see from our c.ui ve that as w(^ increase our plate voltage 
so do .W(^ increase our plate current. Thciie arc, how(*.ver, one 
or two j^eculiarities about the curve. W'e notice, for example, 
that tlR^ j)late current increases slowly at first and tlien more 

rapidly al't('.r th(‘ j)oint 

A. Between A and B ‘ r/ 

the curves is straight; / 

in oth(^r words the plate • / 

current, increase's uni- 2-5 / 

hfrmly. After the, j)oint • 2.0 / 

P, how ever, the idate - / 

c.uiTCiut incr(ias(\s more y, / 

and more slowly for ^ / 

(Mjiial in(jr(;ases of jilate / 

].uU-iitiiil. TliisissV.wa - ji _4 Jx / \z *z ;» 

by the bend of the A volts. 

curve between B iiiid ^ / i-o 

(\ A ])oint C is ulti- / • 

matoly reached* (at 140 / 

volts). W'lieu a further / 

increase of plate voltage / 

produces ])ract icalTy Jio / 

incr«ase of ply.te cur- / 

rent. This p<iiht is /A ^ 

known aii stlfuxftfoli Em;. \ o it i ui \r ni an nulm.H'v 

pauiJ. ( )ncf; sni uration rtnulin - <m oi j >lini>. irMsiaiu-n. 

poinf is rt'aelied. a 

voltage on«lfi<‘ jtla.t.e ttu) times saturation voltaLU' would pi’o- 
duce practically no further increase in the plate current. 
This, of course, is cjuile dilferenUto the case of an ^trdijiary 
c-onductor, sucTi as a lengtli oi wdre. Tltc ordinary conducted’ 
ob(‘ys Ohm's Lawu wliicli st^ltes, infer nlia. that the cun(‘nt 
in a conductor is j)roportioiia,l t.o the jtotential dilTereiu^' 
across it. Fig: 2() shows a voltage-current, curve for a 
lengtli of wire having a resistanct^ of about I T) ohms. The 
“ curve,” which is symmetrical and rectilinear, extends in 
both-'dinotions. It makes no ditTcrenct* which way round the 
E.M.F. beapj)lit‘d. Most regular curves may be rejuesented by 


Em. 2 t». \o It l uioi nt an ni ilm.ii'v 

rtnuliK' 01 (»1 J .■» >lini>. irMslaiu-n. 
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an equation. The Fi^^. 26 curve will be seen to follow Ihe 
equation 



where I = current in amperes, 

V — voltage across the conductor, 

li = resistance of conductor in ohms. 

It is much more difficult to find an equation for out* Fig. 25 
curve, li ving Langmuir, to whom we aie largely indebted'for 
the hard valve and who drew up laws concerning this type of 
tube, states * that for a given valve and given lilanu'.nt 
temperature, the J)late currejit is proportional, rot to the plate 
voltage, but to the square root oj the cube of iJic plate I'oUatjr.^ 
That is: 

l^fv- 

where 1 = plate current, 

f a constant, 

V — plate voltage. 

It should be noted that this hmnula oiiiy a}>pli(‘s l-o the 
portion of the curve between the (prij/m 0 and tlie })oint 1>, 
just below saturation. It may be nientioned, ijicidentally, 
that if the “ plate ' (or, more correctly, the airode) be a metal 
cylinder of radius r surrounding a straight filament, the ]>]ale 
cuirent 



That is to say, if w<j doubled the radius of the cylindrical 
anode, we would halve our anod(^ cur?(int. If tfie. cathode 
and anode were equipote,ntial surfaces of infinite exttml, the 
anode current w^ould be inversely proportional to the square 
of the distance betw^een theju. * 

Explanation of the Bends in the Curve.- -Jt will be seen from 
Fig. 25 ^at below A there Ih a distinct bend ijt tli(i cliaractcr- 
fttic curve. The reason for this bend is usually attiibutc'd to 
the effect of the space~char(/c existing betweem tlie filament and 
ftie plate. This space charge has a repellent cfl’ect on the 
electrons emerging from the filament, (t acds as a barjhu* 

* Irving Langmuir, in a paper read before the institute of Radio Engineers, 
April 7, 1915. AIs(j x)uhlislied in the (kmrul ICltclric Ihuiaw, May, 191.7, 
and A/effncmjt, May 2L 1915. See also British Patent 15788/1*4 Muly'l/J*IL 
which is intended to cover hard valves. 
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through jwhich the electron has to force its way. The positive 
potential of the plate tries to attract the electron and theyefore 
opposes the effect of the negative field. T£e latter, however, 
is much nearer tf) the filament and therefore tends to keep 
down the electron flow from filament to plate. Many electrons, 
however, manage to come through th(i field and reach the 
plate, but not as many as there would have been had the space 
charge ifot existed. The result is that the curve is concave 
along its lower portion. ^ 

At the iippei- end of the (nirve we find a more important 
bend near safarnfkm point. The reason for its existence may 
be explained follows : The filament of the valve is only 
caipibleof emitting a certain number of electrons per second at 
a given temperature. The total amount of thermionic current 
which could b('. drawn from the lilament under the Fig. 2o condi- 
tions was 2‘7 milliamperes. Since about 1 '59 / 10^-* electrons 
per second are equivalent to 1 ampere, the electron emission 
from our lilament .may be taken as being 27 x(i'r)9 X 10'^) 
ele('ti*ons per s(H*ond. Wlien the plate voltage is zero, practi- 
cally all thes(‘, 27 X(i’o9 electrons return again to 
the lilament. When the plate potential is -(-10 volts, 1*0 X 
(T59xH0f») electrons flow to the plate. * The remaining 
26 X(l*r)9 X lO'*"*)' return again to the filament. The plate 
is now only cajiable of drawing up I’O X(l'r)9 XlO^*^) electrons 
per S(icoud. If we jncrease the plate potential to +30 volts, 
our plate current becomes 0*6 milliani])., that is 6 X (l’o9 Xl0^‘'») 
electrons are drawp to the plate and 21 X(1'59 xl(d^) return 
to the filament. The ijumber of electrons per second drawn 
to the plate^is given on the right-hand scale of Fig. 25. After 
we have reached the jjoiiit B, the electron flow increases more 
slowly. There are always a number of electrons which show 
no inclinatuTP to go to the plate. They are generally those 
which are slowly emilti'd from the filament or those whose 
orbit is small. U is with great difficfilty that they can be made 
to join in the main stream, aii^it requires, in our case, the same * 
increase of platii voltage to draw up these last 3 X (1'59 X-Kd®) 
electrons as it did to attract an additional 18 x(l*59 XlO^*'*) 
previously. Our mirve, therefore, becomes convex and 
bends over to the right until it reaches the })oiiit C. The plate 
cui’ient now ceases to rise because tlie plate is now drawing 
27 X (r*59 X electrons per second, the total number actually 
emitted hy the filament when the latter has a. current of 0'6 
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ampere passim* through it. It is therefore obvious . that no 
matter how liijih ^ potential we place on the plate, we cannot 
draw up any more electrons than are actually emitted by 
the filament. Tli^ plate current of a hard valve, it must' be 
remembered, is carried purely by the elections emitted by 
the filament. If the filament were cold, even a potential 
of 50,000 volts would not jiroduce the. slightest plate current. 

The plate current at the point C is termed tlie mturalion 
current of the valvg. This (*.urrent remains practically constant, 
and therefore the curve proceeds almost on the level to tin* 
riufhtof C. a matter of fact, it rises verff slightly on account 
of the few additional electrons whicdi only^join the jilate 
current when the plate is al a ver}^ hi^h })otential. (Vmse- 
quently, the term saturation point is not very definite. 

The saturation current may, to all intents and })urj>osos, l)(‘ 
considered equal to the electron current emitted by th(‘ fila- 
ment. If anything, it is slightly h\ss, because it. is rmjmsihle 
to draw- up to the plate every single electron emitted. Tin* 
question of space charge is no longer relevant. Uj) to a 
point, the space charge is a factor which tends t.o limit tin' 
plate current. Even as the jdate voltage, and iheiefore 
its attractive power, is increased, tin*, repulsion of the sj)ace 
charge remains an imj)ortant factor because there* is a large 
quantity of electrons between the filann'iit and plate. As 
saturation point is approached, this quantity of elections 
increases very slowly, w^hile the attiactivi; force of tln^ plate, 
which counteracts the space charge*, i;jci*eases as ‘usual. 
Experiment, moreo\er, shfiws that eyeii if we place a strong 
positive charge close to the filament * no in(*j (*ii.,se of plate 
current is observed, indicating that the saturation (*urient of 
the valve is a fair estimate of the electron emission fioin the 
filament. (If, how(iver, we had placed tin* jio.^ltivc^ charge 
close to the filament when the plate current, was at a value? 
near A, there would havb lieen a decided i'lcrease in plate 
* current, indicating the cfTectiveuess of the rejiulsion exercised 
^by the space charge.) ' 

Representative Point.— When we are using J4() volts on the 
plate of our valve we are working it under special conditions. 
For example, a further increase of plate voltage will produce 
no increase of plate current. Instead of enumerating all the 
various conditions, we can convey everything by 'simply 
* This may be done by means of a grid, as will be seen later. 
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referring to the curve of Fig. 25 and saying that the valve is 
being worked at the point C. The point C jnay be term«id the 
remeaentative point since it represents various special conditions. 
We immediately picture the characteristic curve and the 
existing conditions, which could not be done were we simplv 
told tljat the plate potential was 140 volts and the filament 
current 0*6 ampere. Similarly A and B are representative 
points. * Instead of saying that we have reduced the plate 
voltage from 140 volts to 20 volts, it is much more expressive 
to state that the representative pf)int has moved from the 
position (J to the position A. 

Effect of Increased Filament Current oif Voltage-Current 
Curve. —In Fig. 25 our filament current was 0*6 ampere, and 
we saw that saturation point was reached when the plate 
potential was about 140 volts. Jf now we increase the electron 
emission by increasing the j>otential difference across the 
lilamcnt from 3’r> volts to 4 volts the number of available 
electrons has been, increased to 70 X(r59 XlO'-'^) per second.* 
As we increase our plate vantage from zero, we obtain a second 
curve. ABED (Fig. 27), which, it will be noticed, follows the 
curve ABC as far as B. After the point B the curve goes 
straight on and, latei* (Ui, bends over to the rfght to its satura- 
tion point D. 

The plate, when at a certain voltage, is only capable of 
attracting a certain number of electrons. AVe saw that 
in tjie case of the ABU (*urve a potential on the plate of +40 
volts "was capable^ of drawing up 10x(r59xl0*''*) electrons 
j)er second. Actually ^7 X (1*59x10'*'*) were emitted from the 
filament, sf that 17 X(l*59 X KO^*) were wasted and simply 
returned toUheir source. In the case of our ABD curve 
40 voTts IS still only capable of attracting l(t X(l'o9 XlO^***) 
electrons [if^r second. The number emitted, however, has 
increased to 70 X (1*59 \ 10'*'*), so that the wastage is greater 
and 00x(l’59 iO'*') return to •the filament. The same 
happens all along the AB(/ ^'urve up to the point B, where* 
conditions begin to ebange. A\ the point 13 of the ABC-curve 
there are only 7 X (1*59 X 10'*'*) electrons to be drawn up 
before*, saturation jioiiit is reached. Considerable extra 
potential is reejuired to draw up these reluctant electrons ; 
the curve consequently bends over to tlie right. In the case 

* Tliis figure reprcsoiits the saturation current of the 4-volt curve of 
Fig. 27. V 
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Fig. U7. — KfT(*rt of vollapc (»ii plati t nrn iii at, (litTcn-nt 'Jilariicnt 
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of the A!pi) curve, at the f)oint B there are still 50 X (1*59 X 10^®) 
electrons which require to be drawn ii}). Moreover, tliis 
number includes many “ willing ” ele(‘tions which only need 
the normal increase of voltage to draw them to th®* plate. 
The curve, therefore, above B is a continuation of the part 
AB and does not begin to bend over to the right until the 
point E is reached. At E, however, the number of electiTons 
not dra^n to the plate is 10 X (1*59x1 These electrons 
are much more reluctant and only agiee tf) go to the plate 
when its jxjtential is considerably increased. The curve, 
therefore, bends over to the right and saturation point is reached 
at D, when thg plate is d?‘awing u]) all the fO x(l*59 xUd^) 
electrons emitted from the lilameiit. 

Exactly the same reasoning applies *to tlu^ curve ABEGF, 
obtain(‘d when the pot(‘ntial across the filament is raised to 
4*5 volts. The author ))roposes to call the points B, E and 
G initial fnituration yennts, and the ]>oiiits 1) and F final 
saturation points. , 

We may siimniaris(‘. tin* ai)ove fact.s in the following state- 
ments : 

(I) W’luMi the valve is worked beloir tho final point of 
saturation an increase of plate voltifi'(‘ will cause an 
increase* in the plate current. 

(*2) if the valve is woiked below the in it nil point of satura- 
tion and J.he (dectroii emission be incj’eased, no 
, iuciease of plate cau’rent will result.* 

(5)* If the ri'ptfi'scaitative point be above the initial point of 
saturation an mcrease of electron emission will (‘aus« 
aninei’ease in the plate current. 

(1) For each value .of filament temi>erature (or, in other 
w'oJcLs, filaineiit current) there is a certain value of 
plate voltage required to produce saturation. Three 
is a distmet sejies of saturation points foj’ a corre- 
spoiidii^ series of hlament^leinperatures. * 
Temperature Limitation.-— J^Ve st‘e from the above that thc^ • 
current through the valve is Bmited by the temperature of 
tlie filament. Saturation point is leached because of the 
temperature limitation of the filament. 

The Filament-current— Plate-current Curve.— Although the 
curves of Fig. 27 are the most iiiniortant, itwnll be as well here to 
discuss''anoth(u* cliaiat'teristic curve of the simi)le two-electrode 
* Kre(|Ut‘nttv, ia practieo, ii very aliplit increase rijsulls. 
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valve. 28 shows a curve ABC whicli illustiates t/ie effect 

on tl^e plate current when the filament curj-ent is gradually 
increased ; this time it is the flute voltage which is kept (*.oii- 
stant. ‘,\Ve ivill first keep this plate voltage constant at 100 
volts when the conditions are represented by the curve ABC. 

At zero current, the filament is cold and th(M*eibre no 
plate current exists. As we increase tlie filament current we 
raise the temperature of the filament until at 0*1 ampere the 
latter becomes incandescent and clectjons begin to })(* emitted. 
The number is at first small. For example, at 0’2 ampere the 
number is only 1 X(1 'oO per second. Practically all 

the electrons emitted pass to the plat e, since', tlje ]att(U’ is at a 
relatively high potential, namely volts. As we increase 

the filament cuireiit, rft each value the +100 volts juitential 
on the j)late attracts all the electrons emitted at that value, 
and so the curve is more or less uniform. It will there- 
fore be seen that the plate current is (*c|uival(‘nt to tin* actual 
electron emission. This emission obeys Jiichardson's Law’ 
previously stated, and therefore the lowc'i' ])art of our cuj ve 
would coincide with one drawm to JLchaidson's equation. As 
we increase the electron emission from oiu* filament the space 
between filament and plate beconu's filled with electrons on 
their way to the jdate. This cloud of electrons ])ossess the 
properties of a negative charge in sj)ace, and as it becomes 
denser it seriously limits the plate current The, ie])ulsion of 
the space charge is also due in the latej* stages to the cloud 
of unw^anted electrons surrounding tlie filfagietil.. 

• A point is finally reached when th^ s]>ace charge opj)ose.s 
any further flow of electrons to the })late, and the latter is 
incapable of attracting more than a limited nuniber. which in 
our case is 55 X(1'59 pm- se.cond. Tin* saturation (‘fleet 

commences when the filament current is 0*7 1 ampftre, and the 
plate cuiTCnt ceases to change when the filam(‘nt current is 
above (f 97 ampere. » « 

• At the initial point ol satiyation B, tJu; j>late is just 
sufficiently positive to draw all the ekictj-ons emitted by the 
lilament when its current is 0*74 ampei(‘. If tlui voltage of 
the plate were increased, say, to 150 volts (curve ABFG), no 
further plate current would n^sult. If it were reduc(‘.d, say, 
to 50 volts (curve ADE), it would be insufficient to draw all the 
electrons emitted at the particular filament amj)erage \Ve are 
considering (0’74 ampere). 



PLATE • CURRENT (miu-iamps ) 


Two-Electrode Valves. 


39 


To Jhe right of the final saturation point C the curve 
remains level. The electron emission increases but produces 



Flu. 2S.--Kffoct on the current of increasing the filament current. 

no incVease in the plate current. The plate is sated, as it were, 
and in order to produce greater plate currents we will have to 


PLATE 






40 


Thermionic Vacuum Tubes. 


increase our plate voltage. We have done this in thjj ABFG 
curve of Fig. 28. The saturation current is higher than before, 
but tbe curve bends over in a similar way to the ABC curve. 
If the*^late volt^jige be made very high and the filaineht 
current increased, tlie filament will burn out through the 
excessive filaiiient current long before the (‘in ve shows signs 
of bending ovei-. 

It is interesting to compare the Fig. 28 curves witfh those 
of Fig. 27. At the point A in Fig. 27 the plate can only draiv 
up 3 X (1*59 X 1 0^ Mectroiis in spite of tlie iact that very many 
are actually being emitted from the li lament. The conditions 
at A, or any other point below B, are therefore similar to 
those existing at representative points to the right of the final 
saturation bends of Figi 28. At C-(Fig. 27) tlui plate is ab*le 
to draw up all the electi'oiis emitted from the filament. The 
conditions at C are thei’elore (‘omparable to those existhig at 
B on the AB(^ curve of Fig. 28. In actual jmictice the higluT 
voltage curves of Fig. 28 usually branch out a little to tlie left. 

It is interesting to note that it was C. 1). Child who in ]911 
pointed out tliat the limitation of plate cunent at saturation 
point was due to the sjiace charge effect of the electj’ons in the 
space between filament and plate. (This spacc-chcm/a Ihtrifa- 
turn is quite distinct from the ivmjKnafurc hmnaiion jiroduced 
when the plate voltage is sulliciently high to draAv up all the 
electrons emitted.) 

Assuming that in tlu* sjiace only ions of one sign are 
present, Child deduced the equation — * , 

where m 

/=thermioniccu7rcnt per square c(Ujtimetreof cathode surface. 
Y = voltage betw^een anode and cathode, 

X — distance betw^een them, 
e = charge of electron, 

m = mass of electron. * ' 

This equation was deduced oij «the assumption that both 
cathode and anode are equipotential suifaces of infinite extent. 

Further Remarks on Electron Emissior..— Langmuir has 
found that the thermionic current obtained from an in- 

* C. lx Child, Vhyn. 32, 49s (J9JI). T'hr space chai trc lias hcc'n fully 
studied by J. An n. d. /V/y.s., 32, 973 (lif]()) ; I. Ijiiigrnujr, /V/ys. 

Rev., (2), 2, 450 (191.3), wIkj also indcfK'iidcntfy derived the space (;liarg«* 
equation; see also Schottky, Jukrh. d. Rad. a. Ehclronik, 12, 147 (191C). 
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carides(jeiit filament measured in milliamps. per square centi- 
metre is represented by ^ 

. /= 29-6 X 1 0 V2 

wh(ii*e T is tlie absolute temperature of tlie filanient, the 
absolute t(uni)e.iatur(^ being equal to the Centigrade temper- 
atmo i)lus 273"". The symbol € is the base of Napierian 
logarithms and is 2*718. 

Saul Dushman * gives the following table showing the 
tbeiinionie cuj rent per S(]uare centimetre s*u]‘fa(*.e area emitted 
from a tiiimsten filainent at dilTereut ttunpejatures. 


(:il)M)ln1r). 

i = nnlli!iii*i)''. per st|. cm 

2800 

4-2 

2100 

1.7J 

2200 

• . 48-8 

2800 

187-7 

2400 

804-8 

2.700 

SOl-0 

2(i0(» 

2044-0 


The same author also gives the following valuable table 
showing diameter of filament in mils (1 mil— 0*001 inch), the 
tejiiperature of the filament at which it may safely work for 
2000 hours, the tliei inionic current per centimetre length, and 
also the p()W(;]‘ consumed in heating the filament (filament 
volts multiplied* by filament amperes). Jt is to be noted that 
impurities in the tungsten cause large variations from these 
figures. The ])ri^ae]icc of thoria. for instanc^e, greatly in- 
cr(‘. 4 iscs the emission. 
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Tlii'iinionic ciirmit 
in mi]li:im])s. per 
t entiinetre ienjith. 


80 

50 

100 

2(M) 


Watt> expended 
lieathm one centimetre 
lenjith of I'd ament. 


81 

■4(> 

7-2 

11 


Simple Valve Action expBwed by Means of Curve; — We 

have seen that if one side of the closed circuit inductance be^ 
connected to the jidate of a valve and the other side to the 
n(‘,gativ(^ of the filament, the arrangement will act as a detector 
(Fig. 21). W’e can easily understand the reason for this when 

* StMil Dushman, (icticml Electric lieview, Marcli, 1015, xvjji. p. 15()- 
Also abstract Electrician, May 28, 1915. A still deeper study has been 
made of el^^ctron emission by (L Stead, Journal of Institution of Electrical 
Enghirrrs, 58. 287, 107. • 
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positive half-cycles influence the plate the latter receives a 
positive charge, and the representative pt)int moves from 0 
along the tjurvo to a point determined by the voltage to 
which the plate is raised. The plate cui*rent starts at zero 
and increases to a value determined by the ultimate potential 
of the plate. If now a negative half-cycle influences the 
plate no current will How to the jdate. Consecpiently alter- 
nating* or oscillating current will be rectified by using the 
valve at the point 0. , 

Drop of Potential due to Establishment of Electron Current. 
— The ultimate potential, be it noted, is not equal to the E.M.F. 
of the positive half-cycle of oscillating curreftt. The capacity 
of the plate is very small and absorbs practk^ally no energy ; 
on the other hand, the establishment of a plate current auto- 
matically causes a drop in plate potential d(q)ending on the 
strength of the resultant curnuit. This efloct is comparable 
to that produced when an exter nal circuit is connected across 
a battery of, sa)', 10 v(»lts. The external voltage of the 
battery drops immediately to a lowcn* valiu5. The less the 
external resistance the greater the drop of voltage. In the 
curve of Fig. 29, the plate voltages are those existing while 
the })late current is flowing. ' This point, hftwever, is a minor 
ojie at this stag'o. 

Use of Lower Bend of Curve for Rectification. — Although 
the point 0 of thu curve gives useful results, still better ones 
ar(j obtained wdien (ither the ])oint A or the j)oint C is used. 

The theorefecg-l action of the valve at the point A is as 
follows : — Supposing yur filament current is 0 0 ampere, and 
our normaff plate voltage A^ is 25 volts ; then these conditions 
are re 2 )resented by the point A of the curve OACD. The 
normal plate current is Ao (0*24 milliamp.). 

An oscillating current is supposed to change the voltage 
of the plate first i)y 1-5 volts (or practically that amount) and 
then by ~ 5# volts. The posiflv^o half-cycle increase the 
plate jmtential from its niu*mal value Ai, 25 volts, to c{, 
30 volts. The ]-e 2 )reseutativc point therefoie moves 'to the 
position c, and the ])late current increases to ^ 2 - This is a 
change from 0*24 milliann)ere, to 0*45 milliampere, and is an 
increase of 0*21 milliampere. 

When, howevcir, the iu\gative half-cycle comes along, it 
causes the plate voltage to drop 5 volts to the position 6i, 
corresponding to a plate potential of 20 volts. The repre- 
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sentative point therefore moves fiom A along the curfe to 6, 
and t^e^plate current falls from A2 to 62- Ttis means a 
change from the iioj inal value 0-24 inilliampere to- O’ 16 milli- 
ampere,* A chop of (4*08 milliampere. * 

Nom the point to notice is that the increase of current due 
to -\-5 volts is greater than the decrease due to — o volts. 
Although AiCi — Ailh, yet A2C2 is gi*eater than A 21)2- The 
effect, therefore, of an alternating or oscillating curfent of 
5 volt amphtude impressed on the plate when the latter is 
at +25 volts, is to cause an average increaac in tlu^ ])late current. 
l\’e have, theref()7(\ rectified our oscillating currents to a 
certain extent, sfnee m\iiative half-oscillations ju’oduce only 

a \ erv small varia- 
tion of the normal 
plate current. In 
other words, we 
hav(i tak(‘ij ad- 
v;autage of the 
non “ Imcar cha- 
racteristics of the 
j> la t e - c 11 rren t 
curve. 

*Fig. 30 shows 
a Khuning valve 
i'ircuit whicli uti- 
lises the point, A 
for rectification. The jiotcmtial of the plate is variables 
b)» means of the potcaitiometer V. Any of the previf)usly 
described methods of ap] living potential may b» listed in- 
stead, if desired. In the plate circuit is also included a pair 
of telephones, T, of high resistance. The small condenser (’2 
serves to allow the passage of H.h. potentials and to ac- 
cumulate the rectified charge. The jiotentiometer P is varied 
until the loudest signals are^lu^ard in the telcipl^ones. 

• Fig. 31 shows the process whyn the valve is adjusted by 
means of the potentiometer to th?* point A of its (;urve (Fig. 29). 
In Fig. 31 the top line shows the incoming wave-trains. The 
second line shows the efl'ect of the oscillations on the plate 
current. The line AB rejiresents the normal plate current. 
The dotted line shows the average incjease of plate current 
due to incoming signals. The average effect of each complete 
oscillation is to increase the normal cuirent passing through 
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the ’phpnes. Since the 'oscillations have a very high frequency 
(500,000 per second in the case of 600 metre wavers), the 
diaphragm of the telephone cannot respond to each individual 
increase of plate current. Instead, it- responds, to the 
average efiect of the wave-train, and a click is produced for 
each group of oscillations. The third line of Fig. 31 represents 
the unidirectional audio- frequency pulses passing through T. 
It will be easily understood that, when signals are not being 

OiiKiiial 


J*artiallv 

rectified. 


Aiulio- 
IV(jlUMK'y 
J)Ulsfh 

Ki(i. in - -G^’aplncal rc]iros(“iitation of ivctilicalion olJVaiiied .it lower bend 
of plate current curve. 

receivt^d, the steady current through the 'phones will j)roduce 
no sound. It is tue rariafion of the normal current through 
tli6 telephones that product's the sound. 

Effect of using Midway Point along Curve. — Any adjust- 
ment of ]date voltage whicli brings th(' representative pomt 
in the neighbourhood of the lower bend, will result in signals 
being recc'ived. If, however, we adjust the plate voltage so 
that th(^ representative point is situated on the steep, straight 
portion of tlu^ eurvt', no signals whatever will he received. 
Such a point is 15 in Fig. 29. ^This ])()iiit is obtained by 
placing 45 volts on the plate. The normal plate current 15^ 
is 1*2 milliarnperes. WIk'ii ' signals are being received, we will 
suppose that a complete oscillation varies the jdate voltag? 
first from Bi to* ei, and back, and then from B] to rf], and 
back. We arc presuming that Bidj = BjCi.* Wliile the plate 

* 'to be strictly acciinitc, tliis is not so in the case oi ilauipeil uave 
trains.* ^I’he 1w(» lialvt'S of an oscillation are not quite equal. Also the 
actual values of and U d, start small, increase to a inaxinmin, and then 
decirease aj^ain for each ila]n]MHl wave train. 
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voltage is increasing, the representative point moves, up the 
curve ^ to the final position e. The plate current increases 
from its normal value B 2 to C2> which lepresents an increase 
of 0*25* jnilliamper^. The representative point then returns 
along the curve and reaches B at the end of the positive half- 
oscillation. As the negative half decreases the value of the 
plate voltage, the jioint moves down the curve and takes up 
the position d. The plate current falls correspondingly from 
its normal value B 2 to a decrease of 0 25 milliampere. 
It will therefoie be* seen that equal increases and decreases of 
plate voltage })rodii(‘('. equal incr(‘as(\s and decieases of jilate 
current. There kwill therefore be vo rectification, and no 
signals will be obtained at B or similai* points. 

Rectification at the S'inal Saturation Point.— Foi- the sanie 
reasons that we obtained rectilication at the coinmencejiK'iit 
0 of oiir curve, we would expect t(» r(‘('eiv(‘ signals at th(‘. end 
This j)oint is what the author clmoses to call final saturation 
point, where the current ceases to increase,^ except minutely. 
It is the right-hand end of the bend (T). If our plate voltage 
be adjusted to 85 volts so that tin* rej)res(^ntative point is at D, 
positive half-cycles, althougli increasing the voltages of the 
plate, cannot cause any furthei’ increase of plate cun*ent sinc-e 
the valve is saturated. Negative half-cycles, oir the other hand, 
will reduce the plate voltage and the plait* current will decrease 
slightly. The effect, thtuefore, of a series^ of alternations or 
oscillations is to cause a fall in the noinial current flowing 
through the plate circuit, and therefore throu^i the 'phones. 

« Rectification at the Initial Saturation Point. If w t^ adjust 
the plate voltage to 70 volts, our r(*.j)resentative ]«>int will 
be at the initial saturation, point, wdiere the plat** vunvnt just 
begins to imuease more slowly, and the curve leans over* to 
the right. At this ])oint we get rectification fop the same* 
reason that we obtained it at the lower’ bend A. There is. 
however* this difference : At the point posjfive Jralf-cyCles 
cause only small iircieases of ^late current, wdiile negatrve 
half-cycles cause, the ie,]>reseiltative point t.o descend the 
^eep slope to the left of C. The decrease of plate curr ent for 
negative half-cycles is thenifore greater tlnirr the increase for 
positive half-cycles. The effect, then, of incoming oscillations 
is to cause an average drojt in the value of the plate current, 
whereas, when the lower bend A was used, oscillations produced 
an average increase. 
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Irnnerf ect Rectification with Amplification asi against Perfect 
Rectification. — AVe have seen that when we adjust our valve 
to the points O or 1) (espeeially O *) of its curve we get practi- 
cally pure rectification. In the case of th(i beginning, 0 of the 
curve, a (iurrent will only flow when positive half-cycles affect 
the plate. In tli('. c.as<' of I), a variation of the normal plate 
current is only (‘llected bv ju^gative half-cycles. We might, 
therefor(s imagine that, since the rectification is perfec^t, 
these are th(» best opmitimj ponds. Tn practice, however, 
we generally find th(* best points for receiving are on the 
lower and up])er bends of the curve. The reason is simple. 
Although the Rectification at 0 may be theoretically perfect, 
yet the actnal currents (obtained are small. As will be seen from 
hlg. 29, the curve to the right of (> slopes V(Ty gradually. 
SimilaTly, the curve to the left of i) also slopes gradually, and 
rej)resents only a v(‘ry slight (boj) in j)ln.te current for decreases 
of plate voltage. If the curve rose steej)!}" from 0, or if D 
wei’C! a sharp bencj wh(*r(‘ the plate curnuit suddenly decreased, 
these points would b(^ almost ideal. 

At A, although there is a valuation of the mean plate 
current foi* nerjatirr as well as positive half-cycl(‘s, yet the 
resultant ave.rtufc iiicreast* of curient is a coiwiderable one, and 
is capabl(» of giving louder signals in the telephones than the 
weak currents obtained wlien tlu^ point 0 is used. The two- 
electrod(} valve my.y be considered to be acting as a kind of 
aniplijkr. Incoming oscillations vary the current A 2 flow'ing 
in a* local cirmiit. (The modified Fleming valve circuit of 
Fig. 34, which is cayabh*. of ju'-ceiving signals, shows m^i’e 
clearly th#t-wo circuits, local and oscillatory.) 

From this we see .that although we do obtain pure recti- 
fication at t.h(‘ j)oint.s A and i\ yet this is more than compen- 
sated by what might be, called the utuplijifing or relaying f 
ac^tion at th(‘S(^ points. The (dfect is rather similar to that 
obtained with ^ carborundum detector. • 

Generalised Conditions fq^ Rectification.— In the left-hand 
column of Fig. 32 is a series df concave curves such as are met 
with on the various characteristic c.urves of valves as usually 
drawn. The line 5vY represents the ordinate, or vertical line, 
passing through, say, the normal plate potiuitial, assuming we 

* Jiecaust* the saturation IkmkI is goiic*raIly gnuiiial and the- position of 
I) is vague. 

t The word “ relay" really implies that I lie h»eal efleet is definite and 
does not depend on tlie strength ot the inlliiencing impulses. 
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are using a graph of the Fig. 25 type. The lino PQ represents a 
decrease of 1 volt in the plate potential due to negative half- 
oscillations. The line RS represents an increase of* 1 volt due 



to positive half-cycles. 
The distamje he repre- 
sents the increase of (uir- 
ren t an d ha the dec;r ease . 

The (turves are all 
concave but differ from 
each other. The point 
A, however, is always 
lower than B. It will 
be seen that in all 
(iases the increase he 
is greater than the de- 
crease ba. In the ton 
curve there is a very 
critical bend at B, but 
it must t)e noticed from 
the other curves that 
a critical bend is not 
essential to rectifica- 
tion. ’Th(^ fact that 
the curve is concave 
is sufficient. 

right-hand 


a1 o])CTatin;i poiijls on (JillmMil (•urvo> 
(;xoej)t in tlic rast* of the ]>oUoni left- 
hand eurve. 


column of Fig. 32 is 
a series of convex 
curves. This time it 


will be seen that the dccreanes of current are always gjeatt^r 
than the increases. Again we see that smooth curv(*s can 


produce rectification. 

In addition to the curves of Fig. 32, there are special ones 
which, tfbwevcr, are not usilally met with in vaU e work. For 


Example, if A weie higher than it would mean that both 
positive and negative lialf-cyflles produced an increase of 
Current. Similarly, if both A and C were below B, l)oth half- 
cycles would cause a decrease of curjent.* Other cases may 
be worked out by the reader himself. If the curve is pa?1ly 
convex and partly concave, as in the case of the bottom left- 


♦ Siirh a point i^ obtained in tlin'c-eh'ctrode vtklvtsK io tiu! right of the 
Haturation pomt, it llni grid jiot-entiai.s are high enough. 
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hand curve of Fig. 32, there is no rectification. The result is 
almost the same as if the curve were a straight line. • 

We can- summarise the above remarks in the following 
statements, which applytothe type of curves given in Fig. 25: — 

(1) If the portion of the curve used (i.e, the part along 

which the representative point travels) is straight, 
there will be no appreciable rectification of currents 
* of an alternating nature. 

(2) If the })ortion of the curve is conclave, there will be 

rectification resulting in an average increase of 
normal current. 

(3) If the jDortion of the curve is convtjx. there will be 

rectification resulting in an average decrease of 
normal current. 

Critical Points for Different Strengths of Incoming Signals. 

— From the above remarks, we can easily understand why 
signals may be heard at almost any adjustment of the valve. 
Unless this adjustyieiit is in the neighbourhood of the point B 
of Fig. 29, the ordinate through the normal plate voltage is 
almost bound to cut a curve of some sort. 

An interesting fact is that the critical position of the 
representative point suitable for the; i eception*of strong signals 
is not generally the same as that lor weak signals. In other 
words, the best adjustment of the valve depends to a certain 
extent on the strength of incoming oscillations. 

{ffethods of adjusting Valve to Critical Point for Reception. 
—The obvious way to make the representative point coincide 
with the critical poinj on the curve which gives the bcj?t 
results, is t^ vary the voltage of the plate. 

If, however, w^e are using the saturation bend as our 
rectifying point, we can arrive at this adjustment by keeping 
our {)late voltage constaTi+ and gradually varying the filament 
current. The eifect of increasing the filament current is to 
increase the heiglit of the, curve andlilso to move the saturation 
point to the right (Fig. 27).* We can therefore adjust the* 
saturation point to such a positTon that it is cut by the vertical^ 
ordinate passing through our normal plate voltage. Suppose 
this latter to Im^ llo volts and we desire to use the initial 
point of saturation for the purposes of rectifying. If we 
make the filament voltage 3*5 volts, the representative 
point IS too much to the right (curve ABC, Fig. 27). If we 
increase the filament current gradually, the lepresentative 

b‘ • 
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point will move to positions relative!}' lower down the curve, 
until at 4 volts the valve will be adjusted to the initial 
point of saturation E (curve ABED). A further inciease of 
filament current will cause us to use the valve at a })()iiit lower 
than we desire (curve ABEGF). 

This example of moving the repiesentative point to a de- 
sired })()sition by means of the filament- current will serve as au 
introduction to what is very frequently done in all applications 
of the three-electrode valve, which we ai(‘ about to consider. 

Practical Fleming Valve Circuit. A practical circuit for 

use with the Fleming 
valv(^ is that shown 
in Fiuf. 33. It will 
l)(‘ seen that ihe 
filament current is 
variable by means of 
the rheostat R, and 
the j)late receives a 
\'ariable potential by 
UK^ans of a potentio- 
meter arrangeirHuit 
couuect(Kl across the 
lighting accumulator. 
The following are 
ppints to note and 
remember, because they apply equally well to circuits using 
modern three-electrode valves. 

(1) The tuning of the closed circuit should be accomplished 

chiefly by the inductance L 2 . The value of th(? 
variable condenser C 2 for the very best results should 
not exceed about 0*()0()002 mfd. It is only suffi- 
ciently large to give fine tuning. 4f larger valu(‘s be 
used, the efficiency of the arrangement will be 
impaired. Laigcv values, how'cver, ^are inucdi more 
convenient for tuning; purposes. An endeavour 
should be made, when tuning, to keep tlu^ value 
of the condenser capacity as low as possible. 

(2) The plate of the valve is connected' to the hiyh-potential 

end of L 2 . This is the end fuithest away liom the 
earth side of Lj. If the high-j)otential end of L 2 
be touched with the finger, signals will be reduced. 
If the low-potential end be touched, no such effect 



Eicj .‘iU — A Eli'iniii;: valve oviiijr vireuit 
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. is noticed. Rliversing the connections to the valve 
will, of course, indicate which w^ is the better. 

(3) The • telephones should be included in the circuit at 

the low-potential part next to tht^ filament •and not 
between the plate and L2. The lighting accumulator 
may practically always be considered as being 
earthed ; the operator may also be so considered. 
* If he is wearing the ‘phones, and the latter be 
included in the plate circuit near^the plate, a reduc- 
tion in the potential induced at the toj) end of L2 
will be th(r result. Moreov(ir, th(^ inductance L2 
is liaj)le l.o be slightly shorted throiTgh faulty insula- 
tion of the ’j)hones. 

(4) Since the plat(^ circuit is of Thigh lesistance (above 

10,000 ohms), the ’phones T should also be of 
high-resistance, say 4000 ohms. The detector 
is essentially a potential-operated one. 

Modified Flenfing Valve Circuit. — A niodifi('d Fleming 
valve circuit is shown in Fig. Tie* condenser (3 prevents 
the high - tension 


battery 11 short- 
ing through in- 
ductance L2. Tlie 
circuit is only in- 
teresting at this 
moilern ])eriod be- 
cause it slui^ws 
clearly the two 
ci remits, os(jillatory 
and local. 

Use*of Telephone 



Transformer:. - - A En. .i4. MoUilinl EliMumii valvt* cirtMiit. 


tidephone traiis- 

Ibrnier may be incliuh'd iu tin; [datft circuit of a Flemiu*g valve. 
It has twT) windings, usually 4 liigli-resistance one of about* 
4000 ohms and a low-rcsistancT; one of about 60 ohms. • The 


high-resistanc,e winding is included iu the plate circuit of the 
valve and 6()-ohm telephone receivers are connected to the low- 
lesistancc winding. When the plate curient is steady, there 
is no cuiTont in the low-resistance winding. If the plute^ 
current varies at all, currents will be set up in the low-resist- 
ance winding by induction and will affect the telephones. 
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Below are some of the disadvantages of connecting the 
’phones directly in the plate circuit. They are overcome by 
the use of a telephone transformer, which is highly desira]^le 
in nearly all valve bheuits. 

(1) If ’})hones are connected permanently in the plate 
circuit of a valve, they are liable to be connected in 
such a way that the steady cuirent- demagnetises 
them and lessens their sensitiveness. 

(2 The high v^'ltag(‘ of the jdate circuit is liable to cause 
a breakdown of the insulation of the 'phoiies if 
they are included directly in the circuit. 

• (3) Crackly noises are «almost invariably, heard in the 

phones when the latter are directly in the pl^te 
circuit. They are due to leakage and bad insulation 
of the windings, which are apt to get moist when 
the 'phom^s are continually worn. 

(4) The operator is liable to get shocks unless a teh^])hone 

tiansfoj-mer is used. * 

(5) In many valve circuits wjiicli have tin* 'phones directl} 

in the plate circuit, singing noises a?e heajd iJ‘ lh(‘ 
'jdiones b(‘ touched oj their ])osition on the h(*.ad 
altered! 

Rectification at Saturation Point of Temperature Curve.^ 


In Fig. 28 we saw that il we kej)t the j>late voltage constant 



Fig. 35. — (hre uil forrectilicaiioiiaisutura- 
tion of i(*inj)c*rutiin' curve. 


and in( 0 ‘(‘as(‘d the filament 
eunent a jajint t’ /vas 
r(;ached wJjen a further 
incieas(^ of filament cur- 
rent jjioduced *{10 increase 
in the plate cuirent.^ This 
phenomenon may be used 
to rectify alteftiating cui- 
reiits by employing the cir- 
cuit shown in Fig. 35. The 
filament eunent is varied 
by means of li, and passes 
throii^i the secondary of 
a transformer T. To the 
primary of this ti ansf oi nier 
iscomiected the alternating 
current supply. 


The filament eunent is adjusted so that the point C 
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represents the conditions. The alternating current wliicli is 
made to flow in the filament circuit alternately aids and c^)poses 
tlje lighting accumulator. The filament current, therefore, 
increases and decreases in turn. When ilf increasesf \here is 
no change in the plate current measured by G. When it 
decreases, the plate current falls in value. The effect, there- 
fore, is equivalent to the rectification of the original alter- 
nations. The point Ti (Fig. 28) might also be used. It is to 
be noted tliat the alternations will h^ve to be of low 
frequency in order that th(' temperature of the filament 
shall have time to change. 

Brown’s loiiic Relay.- In British Patent 1 04500, S. G. Brown 
dgseribes a telephone lelay som<‘wliat similar to Fig. 35. He 
uses the straight portion of the valve curve and obtains amplifi- 
cation of any current variations passing through the primary 
of T. In })lace of G, he uses a telephone to detect the amplified 
current. Such an arrangement would be suitable for ampli- 
fying unidirectional pulses obtained by the rectification of 
wireless oscillations. It would also be suitable for amplifying 
any current variations of low frequency. 

The Apparent Resistance of a Vaive.“-Since the current 
through a valve do(is not va.ry according tft Ohm's Law, its 
resistance, or apparent resistance, vaiies. For example, in 
the case of Fig. 29, 20 volts across plate and filament give 
rise to a plate cummt of 0*00016 ampere. The apparent 
resistance of the valve (iieglecting the relatively small resistance 
of the plate birtt<wy) is therefore 125,000 ohms. If now we 
place 30 volts acjoss the valve, the plate current obtained -is 
0*00045 arflpere. The apparent resistance of the valve is now 
66,700 ohms, a value mticli less than that previously obtained. 

Fig. 36 is a curve corresponding to Fig. 29, but showing 
the variation of the appaient resistance of the valve obtained 
from the formula : 



Similar curves ctujld be drawn for each value of filament 
current. It is to be noted that the resistance of the valve is 
least at the initial saturation point. 

Further Analysis of the Rectification Process.— In Fig. 37 
we see a typical characteristic curve of a valve being used as 
a detector. The curve shows the plate current plotted on the 
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y axis as a function of the plate voltage, which is plotted on 
the a> axis. Latey, we will be using somewhat similar curves 
representing conditions existing in a three-electrode vacuvm 



Fkj.VIO, — S hciwifi^ vHrifitjtjrf of the ujijjaront resisUyicc' of n valve. 

I 

• 

tube. - The following remarks Vill apply to those curves as 
well as th(j two-electrcjde valve curves under consideration. 

The normal voltage ol the plate is E(,. The normal j)late 
current is represented by the ordinate EqIq, being the 
representative point on the (mrve at which we are wrjiking 
the valve. We will now suppose that incoming signals vary 

* Or as it will la* w-hcii (liK(;uKuing the Ihrec-elcctrodc valve. 
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the plate potential from Eq to in the case of positive half- 
cycles, and from Eq to E2 for negative jjalf-cycles. Let us 
ajfio suppose that EqEi = 

EqE 2. Since the curve 
is concave, the increase 
of plate current due to 
the movement of the 
representative point from 
[q to li will exceed the 
drop in plate current 
due to the point sliding 
down to Ig. 'Jhe increase 
o{ plate current is repre- 
sented by liB and the 
decrease by IqC. The 
response in the tele- 
phones (connected in the 
plate circuit) is pro- 
portional to the mean 
value of the chan^'e in 


• 

« 

1 

• // 
s// 

A 

'J 



B 

V 

c 

A 

E, 

E, 


voltage 


plate current, 
..... 


namely, 


t{7.— To demonstrate* the process of 
reetirieati(»n. 


heinj]; ccjual to loC. the dccicase in plate current. If now 
wo draw a seaivflil-2 joinin<> the extreme positions of the 
repi'esentative jmint, and if we produce EqIo to cut this line 
at S, we may .^how that SJo represents the rectified ciUTent 
tJirouyli tlu! telephone receivers or their equivalent. The prdof 
of this i.s ^ lollows ; 


• Slo - AB = AX-BX 

281,,=- 2AX-2BX 

Now since Ij.f' — ■ ('X fiJid SC is piirallcl to I.X, 
•I,X(-= ljB-1 BX) ^2AX 
.-. 2S1o--(IiB4-BX)-2BX 

IjB-lIX 
1,B-BX 

hlf) = 


By notinjT the distance SIq wc have’^then a quick method 
of determining the efficiency of the curve for detecting 
purposes. 
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It might at first be thought thlit the rectified current 
would be propoitional to the amplitude of incoming waves. 
This, however, would only be the case if the curve of Fig. ^37 
were a' linear one.* Actually, if we double the amplitude of 
the incoming waves we will get four times the rectified 
current. The rectified current is proportional to the square 
of the input voltage. 

Rectification of Weak Signals Inefficient. — From the above 
considerations we see that if, say, we deciease the amplitude 
of our incoming oscillations by one-thiid (by using a smaller 
aerial, for example) our signals will be only one-nm/A of theii’ 
former value. For very weak oscillations, they, the rectifica- 
tion becomes negligible and our device — the vacuum tube — 
becomes very inefficielit. It is, therefore, of the greatest 
advantage to increase the amplitude of our original oscillations 
as much as possible, theioby obtaining reasonably large move- 
ments or excursions of the representative point. Fortunately, 
one can increase the amplitude locally by vjirious applications 
of the three-electrode vacuum tube, which we w’ill now juoceed 
to consider. The point to notice here is that rectification on 

a curve is only efficient for 
appreciably strong received 
oscillations. 

Two-electrode Valve as an 
Oscillator.* vIb British Patent 
72/08 (Jan. 1/08), S. Ei^en- 
stein shows ta circuit in 
which a^two-elec.trode vacuum 
tube acts as an oscilator, and 
is capable of generatin^j con- 
tinuous waves. The circuit is 
L. shown in Fig. 38. The filament 
is heated by a source of current 
through a resistance R and ail 
inductance Lj. An inductance 
ii 2 and a capacity C is con- 
4 ^ig. 38.- Two-ek(;(rf)(lf valvi* a.s a nected across plate and filament 

generator of continuous wavers. - . , , # ^ 

of the valve. 

Vapour Lamp Rectifier. — Jn British Patent ] 9034/05 (S«ipt. 
20/05), the British Thomson-Houston (for the General Electric 

* This effect is due to the valve possessing negative resistiuicc character- 
istic.'K under conditions comparable to those (existing in an arc. 
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Company of U.S.A.) describe a valve receiver which consists 
of a vapour lamp in which an arc ionises the f;as. Besides the 
arc electrodes there are two others which are comiected across 
the receiving inductance, the middle point of which *is con- 
nected to the arc, though the telephones. 
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The Introduction of a Third Electrode. - So far, we have only 


considerod the two-electrode valve of the Eleirfiii*: tvj)e. Tliis 
tv])e of valve is linrdly* (‘ver used (‘xcej)t as a lectifier ol alter- 
iiatiuo cinT(‘nt. It has now uiven place to the tliree-elecjtj’ode 

vacuum tube, whicli 



Fk;. 39.- Sh<»wiiirr nassajijc f»f electrons U> tin 
jilate tliroii^fli holes in the frrid. 


p(Tha])s is a moie cor- 
] (*ct nam(5 than a three- 
el e fj t r o d e ‘ * valve. 

W. H. Eccles has 
termed the device a 
“ triode.” 

The essential feature 
of the three-electrode 
tube is t)ie use of a 
thii’d eJ(*.ct]’ode to (con- 
trol tlie flow of cufrent 
from filament to plate. 

•This thiid electrode 
was introduced by l^ee 
de Forest,* who* claims 
that his “,audion'’or 
three - electrode tube 


was developed entirely independently of J. A. Fleming and 

• was not a development of the latter's “ valve.*' There has been 
considerable controversy over •tile (piestion and also liti^^ation. 

• Shortly afterwards, von Bacyerf used an auxiliary 
electrode, consistino of a wire ^auze, to control the thermionic 
current between cathode and anode. 


♦ De Forest, British Patent 1427/08 (Jan. 29/07), U.S. Patent 84] 387/07, 
and U.S. Patent 1179.732/08. Yule also Lee do Forest, Klfidrician, 58, f). 
210 (1900) ; and FAeciririan, 72, }». 28.7 (1913). 

t Von Baeycr, Varh. d. Fhys. (ittn.,!, 104 (1908), 

• 58 
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Tho third electrodp. in a vacnuni tube may take several 
forms. Jn its simplcjst form it. consists of a metallic j)late 
pQT'foratcd by numerous holes, placed close to the filament and 
between it and the anode plate. Owini^ fo its position, the 
electrons have to pass thronnh the holes on th(nr way to the 
plate. Fi^. 39 shows a metallic filament h\ an auxiliary 
electrode G (usually termed 


a “ ^nid and a round 
metallic disc P. The d(»tted 
lines show the path taken 
by the (‘lectroiis. 

The aJ‘id may tahe au}' 
[)f. th(‘ followiuL!, forms, 
ich a r(^ examples - 
(1) A perforated m(*.tal 
plate j)laced be- 
tw’een plate and 
filament' inside 
the vacuum tulx*.. 
('Ji A sheet of metal 
^auze similar t( 
a siev<i. 

(3) A zi<i-za,<»^aed wire? 
wound between 
two pa label iilass 
supports. 

*1) A s])iral ol wire or 
cylindrical i;a*ize. 
when the jilate is 
^ cylindrical. . 

(5) A metal coalinii (i 
(hV. 4d), outside 



the L'lass ol the. 
tube.** 


ol a ^rid outside tl»e ^lass 
of a vacuum 1 uIk‘. ^ 


(6 In some t)^pes of vaiv/i introductal by the A\’estein 
Electric Company (U.S.A.), the “ i;rid *’ is not' 
between the filament and plate. On the other hand, 
the filament is wound round — but- insulated from - 
an electrode which atds as a ui id (see Fio. 41). A 
liU'cr (J iiickelous oxide is used as the insulator. 


* tJs(“d in M.W.T. (‘o. and ]|. , 1 . Roiind'.s Britisli Patent 
(May Also usi'd in some of AVcavraiit's ciri'inls. 
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(7) Two grids are used by Q. Majorana, and a potential 
» across thf.m affects the plate current.* 

(8) The present author has made and used a valve in which 
* two flat* plates are arranged on either side o/ a 

filament. One plate is used as an anode and the 
other as a grid.t 

(9) J. Krskin e-Murray J has described a valve in which 

the grid is an electrode on the opposite sid*e of the 
filament* to the anod(i ; a 2 )ositive voltage on the 
‘‘ grid ” will cause a decrmse in the anod(‘ current. 
The last two unusual types are descjibed later. 

. The general liendency is to use a grid insicje the tube, and 
placed as close to the filament as possible. 

The following particu- 
lars of a small valve 
cax^able of being used for 
all the x)urposes to which a 
valve is. put, will. howevoT’, 
be of interest to the reader 
as giving him a conception 
of the relative s zes of the 
vaiious parts. 

Filament , — A straight 
tungsten wire ()’9 in. 
Jong and 0-0023 in. 
diameter. • 
OV/r/.— ‘Spiral of inolyb- 
, denum wire 0*18 
in. diafneter and 
0-8 in. in length. 
Thirteen turns in 
the spiral. 

Plate . — Nickel cylinder 
0-6%n. long and 0*42 
in diametej'. 

The valve is in general design similar to the one shown in 
Fig. 42, which is usually termed a Frcncji or “ R” type. 

The Audion, Bound, and Lieben Vacuum Tubes.— The 
original “ audion,’’ as designed by Lee de Forest, consisted of 
three electrodes enclosed in an evacuated bulb containing gas 
* British Patent 2.3024/12 (Oct, 0/12). 
t J. Smtt laggart, El(ctrir,al R^'vit.w, 86, 201 (Feb. 27/20). 

^ j British Patent 133413 (Oct. 4/18). 



Fig. 41. — A Western Electric tube m 
whicSi the filament is w(>ii«<l nmml 
hut insulated from the grid. 
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at low premre This gas played an important part in the 
operation of the device a,nd in all early patents one seec that 
bujbs containing lonisable gas are specified. We have for 
example, the valve designed by R J. Round of Marconi’s 



Wirel^ Telegraphy Company. This valve • is one of the 
best of Its type During operation, some of the gas molecules 
are disassociated into positive ions (sometimes termed afiions), 
and electrons. The original electrons are emitted from a 
* Sec British Putent 28413/13 (Dec. i)/l3). 


« 
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filament coated with oxides of the alkaline earths whicJi 
produce a strong electron emission. The irrid consists of 
a cylinder of copper ^anze. and the ])late is nickel and also 
‘ . • cylindrical in form. *At 

the to]) of the bull) is a 
small ]) 0 ('ket openiiiu into 
the tube and containing a 
pellet of asbestos or other 
suitable i»as - oedndin^ 
materia.1. The ])ellet oc- 
t' hides sonu*. of the mer- 
cury vapour in the tube 
and the j)ressure of the 
va])our in tin*, valve niav 
thus be k(^])t c(>nstant b}’ 
heatimi;' th(‘- ])ocket when 
th(^ j)j(‘.ssin(‘ drops, as it 
does aftej* a time. 

liieben and Reisz, of 
the ( Jerman Tel el unken 
Comjianv. were arnoniist. 
the (irst to use a ,urid 
betwe(*n • filament and 
plate.* Their valve is 
shown,, iji h\<>. 43. Their 
filament consisted of a 
]>] at ilium ^itrip 1 metre (3 
ieet) in leiiLdh, 1 mm. 

(((•64 in.) widiir, and 0*02 
mm. (0 0002 in.) thick. Jt 
was thinly coated with a 
mixture of calcium and 
barium oxides and brought 
to a red h^^at by a cut rent 
of about 2 amjieres from 
Fio. 4M ■ — The Lieben Rdsz vacuum fu be. 30-volt storage battery. 

The i^nid was a perforated 
aluminium disc, the size of the perlorations being about 
3*5 mm. (0*14 in.) diameter. The anode was not in the 
torn' of a ])late, but consisted of a helix of aluminium 

* British Patent 2111/11 (.Ian. 19/11). 





The Three-Electrode Vacuum Tube. 


63 


wire. All connections* to tlie 
bnlb are made thronp^b the 
bayonet sockets in the base. 
These sockets fit into plu<>s fixed 
oil the base-board of the instni- 
ment usin" the vacuum tube. 
This system of making connections 
is very Irequentiy used in mod(un 
valves. Fi^. 44 shows a small 
compact valve, desii^ned by the 
pieseiit author for the Edison 
Swan Electric^ (Company, Ltd., 
for general use. Here the base is 
fitted with pliiiis in the form of 
split pins which fit into four 
sockets fixed on a valve h(>Ider. 
The plug's and sockets arc arranged 
as shown in Fi,L^ 4*). This makes 
It impossible to })ut the valve 
into tlie holder incorrectly.* 

The original Lieben-Keisz tube 
was, as in the case of all earlier 
^^alves, a “ soft vacuum tube.f 

s- 


16 — 

O O 

17 Mr 

10 MM 


O 

& 

45.- -Mi'llioil of juranj^iiig sockets 
and pins. 



Kjc, 44. — .A small thrco-eloctrodc 

MS J t\ pc \.u*imm tiihc (.7. 

Scott-Tag^Jiit). 

The j;as inside \\{is mercury 
vapour at the ordinary 
])ressure of about U'Ol mm. 
The vacuum was, there- 
fore, about as ouod as 
that at the top of a meiv 
c.ury tube barometer. The 
complete tube was about 
14 in. by 4 in. and was 
comparatively unwieldy. 

The “Hard” Valve.— 
The soft ” valvts de- 
scribed above have proved * 
irreoular in their action 
and have required careful* 
operation. ]\loreover, they 
are unsuitable for many 
purposes as they art^ un- 
able to stand high voltages 


* I’liia form of jdug was iisod in tli- irigiiial *• Frenoh ” valve, and is 
still largely used in Franee and CU-eat Britain, 
t Vide Heisz, fClvcIrician, Kxii. p. 72ti (1914). 
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on the piate. As one increases the volta^^e on the plate, 
ionisation of the f^as molecules sets in ; at a critical volta^^e, 
violent ionisation sets in accompanied by a bluish’ glow, wlych 
frequently pervades the whole tube. At the same time the 
plate currejit increases very japidly. When this condition 
is reached, the valve is practically useless for any puipose. 
Small voltages of abo\it 30 volts are usually used on the plates 
of small soft valves. 

The need for a< valve capable of regular operation and able 
to stand high potentials across its (il(u*trod(\s j*esnlted in the 
develoiJment of the '' bard " valve, that is, a bulb which has 
been very hiiiKly exhausted. A valve woi^d scarcely be 
called hard unless the pressure inside the bulb were less than 
l/10,U00th mm. of m(jrcury. 

The “ hard valve ” is largely the outcome of investigations 
by I. Langmuir in the reseaj'ch laboratories of the U. E. C. 
(of U.S.A.j at Schenectady, N.Y. The “ kenotron * which 
has already been described, consists of two*clortrodes enclosed 
in a bulb which has been very highly exhausted. The pressure 
in the bulb is not less than 1, 100,000th mm. of mercury. 
The first use of a bulb of such a high degree of exhaustion 
appears to be the X-ray tube invented by W. I). Coolidge 
in 1913. t The tube is exhausted to such a higdi degree that no 
conduction takes place through the vacuum even when voltages 
as high as 100,000 are placed across the electrodes. When 
the cathode filament is heated, however, conduction takes place 
in one dii ection only, the current consisting of a flow of electrons 
from the negative electrode to the jx^^itive one. Since the](‘ 
are pj’actically no ionisable gas molecules in the tuWfy a reversal 
of the potential applied to the electrodes will produce po flow 
of current. A voltage as high as 200,000 may be used with 
this tube. 

A development of the “kenotron’’ was the “ pliotron,’’ 
which consists of a kenotron fitted with a grid. A description 
of the pliotron was given before the Institute of Radio 
^Engiheers in April 191 5. J tfig. 40 shows an early type of 
pliotron made by the G. E. C. ^ 

* S. liushiriari, Gcrberal EUtclric Htmeiv, .Marcli, JUl.j; also abstract in 
EUxlrician, Ixxv. ]). 270 (1915.) 

+ W. 1). tJoolidgc, EU'Ctririan, Ixxiv. p. 505 (1915); British Patent 
14892/13 (June 27/13). 

J I. Grnernl EUrlric, Heniew, May, 1915; Eltclric.i(m,]\\\, 

p. 240 (1915) ; aiul British Patent 15788/14 (July 1/14). 
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Construction ot the* Pliotron.~-The cathode may be a 

tungsten, tantalum or other filament in t^e form of a single 
straight length, one or more V-shaped piticos coimected in 
parallel, or a long piece wound to and ifo on two«parallel 



tungsten rods. Over the frame of glass may be wound a 
tungsten or other wire forming the grid. Through the centre 
of this frame passes the filament of the pliotron. Care is taken 
to prevent the tilament from touching the grid. When the 
filament is heated, it sags and is liable to touch the grid. To 
pres ent this, a smaM sj)ring (Fig. 47) is used in many valves 
to l«^ep th(^ filament taut. 



Kiu. 47.— Showiiii^ grid and lilarnent of a pliotron. 

, • • 

The anode oPthe pliotron consists of a framewojk of tung- 
sten or other wire (Fig. 46) plg^.ed on each side of the^grid. 
Instead of wii*es, metal plates may be placed on either side of* 
the grid. The gen«ral arrangement is then similar to the 
arrangement of de Forest's audioiis. 

The essential feature of the device is that it is an electron 
discharge vacuum tube in which there is no ionisation. 

Methods of Exhaustion. —To obtain the high vacuum 

F 
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necessary in these tubes, every precaution has to be taken. 
Exhai^stion is usuajly efEectod liy a Oaede pump,* or a special 
merciii^' condensation piimj) as developed by Lan^muir.t 
As the iiietals con'^titiitini!: the (‘lectrodcss absorb, or occlude, 
oases and ar(" liable to liberate them when the tube is in us(i, 
therel^y causinu a reduction in the vacuum, every precaution 
is takcni to i>ct rid of these occluded oases. This is usually 
done dinino t]j(‘ procciss of exhaustion by heatino^ the various 
pa.rt.s to iiicandesc/eiKte. The oases are lilxnated and diawn 
oil by the jnimp. AVhen the ^rid and anode consist of wir(\s, 
it is a sim])l(^ matter to heat them by passing a current through 
them. W hen they consist of })lates. it is usu^l to h(^at them 
by electronic bombardment. For (‘xample, by passing an 
<0ectron current- of 80 milliamperes Irom a cathode to a metal 
])lat(^ of 2 scjuare centimetres area and 0*01 in. thick, the 
bombardment of the jdate by the electrons was, in a certain 
cas(\ suilicient to maintain tlu^ jilate at almost white heat, 
du'mical absorbents such as eh^ctrically vajxnised calcium oi* 
magnesium, or a preparation containino red ])hosj)horus. nujy 
be used to assist in nettiiytr rid ol the occludcxl oases. Tlu' 
siz(i of the plate should b(‘ laroe enou.oli to deal with the j)ower 
that will be involved, and y(‘t should not be of such dimensions 
as will make it difficult to uet rid of the o(*cIuded oiises. 

The plate is invariably subjected to a liioluu* ^■emj)eratur(‘ 
durintr the proc(\ss of exhaustion than it is likely to I’each 
durinii: th(‘ working of the valve. Durini; thi‘ ])rocess of 
exhaustion the bulb is fiefjuently blackened'. In a leceivin^*^ 
valve this is no disadvantaoe. but rather indicates that the 
elexjtrodes have been thoT-onuhly heated. In ^ hioh-power 
transmittino valves tin*, black d(‘j)osit is liable to cause leaka^^e, 
and special piecautions, such as widely separating the con- 
nections to anode and filament, are m^cessary. 

Thy followin‘i abstract J of some intoresti]|o fuct.s (ojven 
by an Aiaerican manufacturer in 1917) conccrnuig the manu- 
facture of vacuuTU tub(\s will Ix^i-of intcTest : 

Tuno.sten has been fouiu/ ideal as a lilanumt, not only 
because of its refractory qualities and low volatility but also 
because it acts as a j)urifying agent by attacking any traces of 
residual gases that may remain in the tub(^ and foiming coni- 
[)ouyids which are then volatilised on the walls of the tubes. 

♦ xrvi. p. (191 3). 

t Thf' Khctriral li(‘vivu\ Lwx. p. 41 (1917). 

+ <>. H. MnorlicaJ, Vntc. hist. Radio 5, No. U, iMtc I9J7. 
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Various grades of p;lass were experimented with for use in 
the constniction of bul bs. Grradcs containing a hii.»h pcrcfinta^’O 
of lead and a small (quantity of silicic acid wei e found to, be the 
easi(ist to work and produced a detector df maximuln sensi- 
tiveness when used in conjunction with aluminium plates and 
(opper ^rids. 

Aluminium plates and copper i>rids were selected on 
account of th(ur eIectro-chemi(;al !‘(;latir)ij to the tungsteji 
filament. Other metals have been tried uwder the, same and 
other conditions of exhaustion, and have shown widely dillei ent 
operating characteristic's.* The selection of metals for the 
ehunents is verj; difficult, as a slight difference in cither copper 
or aluminium changes the whole system c)t exhaust. This 
variation has been eliminatc^d to some extent by subjecting 
th(^ aluminium plates to a temperature of approximately 
1^15 (1,, immersing them in a saturated solution of cyanide of 
potassium, and finally rinsing in alcohol. Tlie copper is 
subjec'ted to heat until it glows, wlum it combines with the 
oxygen of the air to form a black, brittle oxide, which breaks 
olT in scahjsand exposes the underlying metal which is of rose- 
red colour. It is then placed in a (‘uiremt of ujoist air and 
b('.comes coviued with a layer of oxygen compounds, whicJi 
remains very thin. but. closes the pores of the metal. 

TIk'. filaments ar<^ heated to incandes(‘enee tor two hours 
by means ol an altci'^^ating cun-ent before fitting them into the 
bulU This is to get rid of the positive ions which aie usually 
emitted, at. tii’st, from a now filament. 

To pi'odiice the lUicc^ssary v;icuum a. Gaede iiKucury pump 
capable of •producing a vacuum of O'OOOOl min., backed 
by a pist.on juiirip, such as t he Gery(‘k type, is most useful. 
The cum|)lete vacuum tube is heated gratliiall\' in an oven 
to a tein])erature of 480^^ C., at which the pum])s ar(‘ started. 
When th(^ ]umij)s liave produeed a vacuum of one ^iiicroii 
(O’OOl mm. or (mt'-miliionth of a metnO the temperature of 
the tube*, is verv gi*aduallv •iuerea.sed to olO"" (J. At this 
])oint care must be tak(‘u, as the glass walls of the tulie are« 
liable to (*ollapse. ^ Ei’ou) one micron the vacuum slowly 
increases, and aftei- about five hours of continuous pumping 
the tube is sealed oti and allowed to cool gradually. 

A more common method of exhaustion consists ir placing 

♦ Nickel juKult's Jin' jiliiiost uiv.iiialily usml in Mimlniid and give overy 
satis faction, 'i'ho grids aro either of iiickol or molybdenum 
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a high voltage (say 2000 volts) alternating current supply 
across filament an/i plate and utilising the electron current 
which flows when the plate is positive to bombard -and so heat 
up the jJlale, thus liberating occluded gases.* 

Functions of the Grid. — Now that we hav(i seen some of 
the various methods of disposing the various electrodes in the 
vacuum luilb, let us consider the use of the grid and its eflect 
oil llie stieaiii of electrons passing through it (h'ig. 39).^ 

The (‘Li('f fuiic/ion of the giid is to control this flow of 
electrons. For this reason it is sometimes termed the mUrol 
electrode. If wo place a negative charge on th(j grid by con- 
necting a cell with its negative terminal to i^ie giid and its 
positive terminal to the filament, the grid by its electrostatic 
force will repel many of the negative electrons which would 
otherwise have gone straight to the plate. This, of ('oursc, 
results in a drop in the plate current. As we increase the 
negative pottmtial of the grid we will ultimately roacli a 
point where t/he repellant action of the grid^is suflicient to turn 
back all the electrons which would have gone to the plate. 
The plate cuj*j*(mt, therefore, drops to zero. The repellant 
force of the grid now equals the attractive force of the plate ; 
but since the grid is only half the distance to the plate, or less, 
and since the grid is usually wuder tlian the plate, a much 
smaller voltage on the grid is sufficient to countcjact the 
attraction of the plate. a 

The author obtained with a certain valve the following 
values of grid potential which completely* neutralised the 
positive potential of the platci. t 


Grid iiolcnlini. 

riatc Vdtcntial. 

Ratio grid polcnlial to plalc, potent iaJ. 

—0 V. 

4"33'o v 

0 

33D 

J 

“5-0 

— fo V. 

j '|- V- 

; 10 

1 



j 

5-4 

r-ir)V. 

! 82-0 V. • * 

: i"> 

] 


1 S2-5 

~ rrC) 

-18 V. 

-flOO V. 

! 18 

t 

1 



1 100 

5-5 

-2S V. 

1 H-ir)4v. 

1 28 

_ 1 


! J51 

5*4 


* This is quite dUtinct from the preceding one. Aluminium 

ould melt if bombarded to the usual temperature. 
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This table shows that in the case of this valve, 1 volt on 
the grid had approximately the same effect as volts on 
the plate. The grid, therefore, exercised considerable control 
of the plate curj*ent. • • • 

If we now try the cffe(^t of placing a positive potential on 
the grid, we will notice tliat the plate curr(mt is increased. 
This is partly because the grid has now added its attractive 
force to that of the plate. It helps the plate to draw up 
electrons whi(jh swell the j)late curren^. These electrons 
attain a much higher velocity and pass through the spaces in 
tlie grid. Some of them strikii the grid and causes a rjrid 
carrent to ilow in the grid circuit. This grid enrreut, however, 
is usually small. During the operation of a certain valve, 
wIkui th(^ grid attain(^d as high a voltage as volts, the 
grid only drew to itseh about 4 j)er c(int. of the total numbcM’ 
of (^lectj'ons on their wa)' to the plate. The effect, however, 
of increasing the grid potejitial from zero to volts was to 
caus(i the numbez; of electrons entering the plate to increase 
by 150 per (jent. 

ft will be readily seem that if we keep on increasing the 
positive potential of the grid, a point will soon be reached when 
w(‘. liave assisted the plate to draw up nearly all the elections 
(jmitted. SatiiiTition jioint is theiefore reached, and a further 
incrciase of gi id potential will cause no increase in plate current.* 
The plate satnrathwi ciu rent obtained in this manner will not, 
of gourso, be the true saturation curient, and will not represent 
the actual electron emission from the filament. To obtain 
the latter value we wilj have to add iJso the current flowing to 
tlie grid. • 

We thus see that by simply altcj ing the grid potential wc 
can vary the plate curicMii from ziuo to saturation value. 

Effect of Grid on Space Charge.- -The effectiveness of tin? 
control exercised by ihe grid may also be explained to a 
large extent l)y>consid<*jing the offf^ct of this eloctj’odTi oji the 
space charge existing in the tube. 

Under normal conditions there is usually a space charge or 
atmosphere of negative sign formed by the. cloud of electrons 
on their way to the phite. The effect of this spact‘, charge 
is felt most in the neighbourhood of the filament. Newly 
emitted electrons, if they are to reach the plate, have to 

* It will, ill tiiiu*, actually cause a decrca»c since it will detlo* t electrons 
to the grid. 
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ovejcoiiie the K^piiJsio]! of the whole m'asfc} ol eleetroiis betweeji 
filaniejil uiid plat(\ Many elec'-troiis fcT-il to overcoJiic tins 
repulsion and lotujii aiiain to the lilament, unless the plate 
potentikli is hiiih ea()ui»li to overconu' the effect of the space 
chai’.ii(\ 

We caji readily synij)atliise with the newly emitted (‘lectron, 
and und(‘i-stand why tlu' space cliariie has such a Jimitijii' 
effect on the number of electrons eoin.u to the plate, and 
therefore oji th(‘ plate currejit. Ajiytliijj.n which can increase 
or dispel this s])ace ('hari^e is ^oini; to liave a. V(My niaiked 
efleet on tlie current passing through the tube. This ('fleet 
is exercised by tfc('. ;irid. When the arid of a, hy,id va.K (‘— and 
it is this tyj)e which W(‘ will l)e chi(^lly coiisidejuii; iji thi'sc 
pai 4 ('.s — is left disc(.)uiiected, the ek'cti-oJis A\hi('ii sliike it 
charge it to a lU'^ative potentia.1, which will jc'jx'l ('h'ctrons 
leaving the iiei^hbourhood oj the filauK'iit and will nicjcnse 
the si)ace charge betw^nm fflamc'nt and ;jiid. This will causi* 
a consid (‘ruble reduction in the plate cnricjit. 

If the i;rid is conncjctc'd to the imuative (‘ud ol the a.cciiniu- 
lator which li.iihts the lilament it Jiiay bi' consider(‘d as liaviiii: 
zero potential. It will. how’C'ver. lx* at a lower potiaitial than 
the positive (md '‘ol the lilaiiKmt and wdll tljercdorf' t(‘nd to 
r('p(*l el('.ctions which come from tlial (‘ud. * Tlj(*re will thus 
be foriTK'd a small si)«aee charge due to this e.tTect, wliieli 
will cause the plate current to l)e smallm’ than it the ^-rid 
did not exist. There an* other reasons loi this laet, which 
we will not discuss at this staiiO. 

‘ If W'(^ place a n(*gativ(^ charge, on tj»e i:rjd, the ]att(*.r will 
repel electrons which wH)uld normally have; g(»ne 1(f iljc plate. 
These Impelled (dectrons collect in the s]»ace b(‘tv\ccii iilament 
and grid and constitute a st^-ong space charge whi( h combines 
itself wdth that of tlie grid to try and jm'vent el(‘ctron^ j>assing 
to th(*. jilatc. The. ic'diK'tion in j)]a.t(^ curjent. cojisccjueiit on 
the placing (d a m',gati\e |>ot(intial on the giul is, tlna-eloic, 
*the rc'sult not only of the re.pulsi(.‘n of the i:rid, but also ol iln; 
repulsion excjrcised by the additional spac«* charge' jiHidiiccd by 
the. m^gative grid pot(*ntial. Jb'iice anotli(‘r and viay imj)or- 
tant explanation of the se.nsitiveii('.ss of co]itrol jio.ssessed by 
the grid. 

Wh(‘.n a positive j)otential is plae.e.d on tlu*. grid of a valve, 
its eli^ctrostatic effect on electrons in tin*, mdghbouihood of 
the lilament is verv considerable and it tends to neutjalise the 
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ojectrostatio otfect of tho* space chari*e. The result is a su(lde.n 
increase in the plate current, if tlie ;;rid pcjtential is.suih- 
ciently positive it may completely neutralise tlie effect of the 
space charge. It is o[ value to note that rtu' spa^.e (Jfarge is 
now moved into the grid-plato jcigion. J51ectrous pass thiougli 
the grid and (jollect in th(i space betwi^en grid and plate. If 
the plate is not at a sulfi(5ientl\r high potential to draw away 
all the electrons as quickly as they pass through the giid. a 
space charge will form in that region. , 

Effect of Grid on Potential Gradient. — By looking at the 
(juestion from the point of view of the potential dro[) across the 
space between ^lament 
and plate, we may per- F 

haj)S get a still clearer j* / 

idea of the effect of j / 

the grid. Eig. 48 slu/ws j / 

the potential gradient | / 

OUP. Th(i distance 

between the various uj t- [ / < 

electrodes aj e repre- ^ j ‘ q. 

sen ted by the abscissaii, ^ i 

tlui OT’dinates rep re- ^ 1 / • 

sen ting the potentials & 

at each electrode.* A 1 

contributing cause* of q 

tbe% sag in the curves is ... 

the effect ol iixv. space lilamont aiul plate 

cliarge. At 0 th^‘ 

electron i# liaidly affected by the plate and the potential 
gradient is [iractically zero. Gradually, however, the velocity 
of the electron increases after it has left the lilamont. ll 
wc place the grid closi^, to the filament if; will have a much 
greaier accelerating clTu-.t on the ehn-trou than it would have 
if placed clostr to the plate, ^lune the electron would 
already have a vt;iy considerable velocity. The grid, by 
being close to the filament, is capable of a great i)roportionaj 
effect on the potential gradient, and therefore on tlu*. plate 
current. 

The question of tlu^ proportions of the grid is important. 
The attractive force of the plate on an electron near tlu? filament 

* All iiiiercstiug account of tlu* })oti‘ritial gradients in a vaniiini tiibo ia 
given by Sluart Ballantiiie, J*roc. Iiust Radio. En<j.t ]j. 145, April, 11)19. 
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will tlepeiid largely on the spacing 61 the wires constituting 
the gHd. If the ^ires an*, very close together, the grid will 
almost completely screen the ele(‘,tron from the electrostatic 
force c 5 *the plate. * Consequently, when line-ineshed grids are 
used, high plate potentials are essential. If a given grid be 
placed too near the plate its control action will be considerably 
lessened. Likewise, although this is not so obvious, il the grid 
be too near the filament, the amplif^^ing power of the valve 
will be lessened. ^This is because the wires of the grid will 
onlj' control the velocity of the electrons immediately under- 
neath. Thi'. electrons which leave j)ortions of the filament 
not coveied by the grid arc practically iinfifie^-ted by vf)ltage 
changes on the grid which would be acting sideways to a great 
extent. When the grid, however, is some distance from the 
filament, potentials on the grid pjodnee an cvenJv disiri- 
buted electrostatic field which will infiu(‘ncc all the electrons 
For effective control the w'ires should be close logether. but 
here wc have tlui disadvantage of large grid currents and high 
anode potentials. The tendency is now towaids ratli(‘,r open 
grids, and low plate voltages. 

Grid-Potential — Plate-Current Characteristics. — So far our 
conclusions as to Ihe effect of the arid voltage on the plate 



current hav(? btien more or less (liror<*lical. WV can, however, 
studv the effects quantitativelv bv arranging to measure the 
^various quantities involved. Fig, 4 b shov s a*f)ra(tical circuit 
for obtaining definite results. TOie grid of the*, valve is showm 
4^8 a dbtted line G. The fi lament F is h(*ated by an accunnilatoi- 
B through a variable jesistance li of abQut- b <dim.s, and an 
ammeter A2 suitable for measuring ciirj'ents of about 1 am])eT(‘. 
The potential across the filament may he measured by the 
voltmeter V2 by closing the small switch K shown at the side. 
This switch is left oj)en wlien talking the leading of A2. The 
battery Hj is the plate circuit battery variable in steps ot about 
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15 volts up to, say, 150 vults. The potentiometer arrangement 
Pi and the battery H2 are arranged so that any required voltage 
measuKid by Vj, may be given to the plate. The plate 
(jLirrent is measuied by a milliam meter Aj •ivhich for ordinary 
measurements should read up to 10 milliamps. A micro- 
ammeter A4 may be included in the plate circuit, if desired, 
to measure the lower values of plate current.* Ci is a battery 
for varying the potential of the grid. It is variable in steps 
of about 0 volts, but can be omitted whep the potentials to 
be applied to the giid are small. The ])()tentiometer arrange- 
ment C2 and P2 adjustment of the grid potential 

whi(5h is mcasuicid by ilw voltnwtcr The commutator 
switch S enables us l/j apply (Mther positive or negative voltages 
to the grid. In the ligm (‘. the batteries* Co and Ci are opposing 
each other. They sluiuld preferably lie arranged to act in 
series. Th(^ grid cm i*ent, if it exists, is measured b}- tluj 
luieroammeter A3. 

Having arrangcvl the apparatus as in Fig. 49, let us fix the 
voltage across the hlameiit at 3’5 volts, and the voltage indi- 
cated by Vj at 50 volts. The amnicter Aj may register about 
2 luilliamps. If we now jilace a negative potential on the grid 
by placing tlu^ switch S in thc! position sh()\^n by the dotted 
liiKis, the plate •ciirrejit may drop to, say, i milliamp. By 
adjusting Po we may gradually increase the negative potential 
on the grid until tiki plate current is completely cut off. We 
may assuiiie that normally th(^ battery Cj is omitted. 

Let us now •reverse the switch S and place a gradually 
increasing positive potcpitial on thc grid. We note two facts* : 
the microaifimeter A3 begins to show an appi eciable deflection, 
indicating that elections are beginning to flow to the giid ; 
also w(; notice that t in* plate curieut measured by Aj is iucreas- 
iiig, and continues to incDiase up to a certain point after which 
the reading in Ai remains steady, indicating that wc ha\c 
reached saturation point. Althoifbh the Fig. 49 circuit is 
very convenient, the author is inclined to prefer the arrange*- " 
ment in which the grid voltage battery and grid voltmeter 
require changing over when passing from negative to positive 
grid potentials. • Tliis saves the grid circuit being left open 
and causing a sudden change in the current through the plate 
circuit milliainmeter. Such a change does not tend to improve 
the accuracy of the results. 

* It is shorted wheu its range is exceeded 
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Lei us now diaw up a iablo sliowilii^ tlie value of ilie plate 
currewt lor diilVreni valuers of ^rid potentiaJ, starting at the 
potential which cuts oil the plate curjciit and wodving iip^ in 
steps ol’nine volt, tu the. value which produces saturation. 

The author gives in Fig. 5(t a table of results be obtauied 
with a small hard valve of similar dimensions to those given 
in connection with Fig. 42, with a constant voltage of 33*5 
volts on the plate. 

Filjinu'ril voIt;ipc«3-r» v. (O'O 
Oriil jioloiiliiil IMaU* ciirmil 
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0 02 
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l-TI 
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1-112 

. Cl 
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7 

2-20 
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2 '20 

1 !» j 

1 

1 JO 1 

2-rjr) 

-] IJ 

2-:i7 , 

+ 12 1 

; 2-.S!» 

-! j:{ * 

! f 2:{0 


Fit:. oO.- — Tal)li‘ sliowui^ cfTect ol giiil on plaic current 

These results may most coiiveiiieuth' he 'ej)re.seut(‘d Ity a 
curve drawn on s(‘ctioual pa])ej* as shown in Fig. 51 . 

Jt vfill be seen that th#.re are two bejids 41 the curve,, otn 
• at A and one at B. The one at A is du(i to the ollVet of the. 
space-charge, which dticreases as the potential of the grid rises, 
and the one at B is du(‘ to the effect of saturation. NeitluM’ 
bend, it is to be noted, is ])articularly s’haj p. Tlu*, pol l ion 
of the curve betwcKin A and B is steej) and approximat(‘ly 
straight. From this we can dednee two facts 

(a) Sniall variations of grid pot(‘ijtial will cause larg(^ 
variations of plate current. 
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* (h) Since the curve •aion^ this portion is straij;ht any 

variation of ^ri(] potential will clause proportional 
variations in the platen (‘lUTeiit. 

From the cuive we see that under iK)rinal coifc^itifuis. 


when the G;rid is at zei-o volts, the plate current is (»'8 
millianip. By puttinn 
a ipadually incje«asin^ 
positive* voltajrc on the 
y'id we cause very con- 
side ral)le increases in the 
plate cun(‘,nt until, at 
about -|-12 vj)its, the 
]dat.e curicnt reaches a 
inaxinium value and re- 
mains const juit at about 
'2’i millia.inps. ll\ on the 
otiuir liand, we jmt a 
nei;ativ(‘ char;;(‘ gn the 
urid, we reduec tlie plate 
(‘urienl. By yiaduallv 
iucreasini^ th<* iieuativt* 
charge on th(‘ urid we 



will ultimately ciTt oil tlie 
jda,te current altonellKT. 


.■)!, (ind v()ltagc*-])lati* runvut «ui‘vc 
td a tyj'iial hard vacuum tul>c. 


This, as wdll b(‘ s(^(An from the curve, takes plaee at al>out 
-b^volts. 


Simple Amplification Circuit. — The readei- wdll iio doubt liav(‘. 


realised by now the ])()jsibilitu\s of the valve as a nia^uiiifier, 
since small •variations of i»rid potential w ill caiisti larue \ ai‘ia- 
tions of ])late eurreiit. Let us eonnect up a cireuit similar t(» 
tliat oi Fii;. ^2, wheie A is a source of alternating curreiif. 
Tlu^ giid cir('uit is sliowm by the letters ClAJF, and tlu^ plate 
cireuit by J’HTrlF, wlu'ir T are telephone receivers. 

We wall sup{ii)se 1 h,- valve is \vofking under the eojiditions 
showm in the graph i>[ Fjg. Til. The grid is obviously at zero 
])oteutial since it is c(mnecled, r/V/ A, to the negative end of Ihe^ 
filanumt. 1'lu> plate ('urrent passing through the telej)hoiies 
T will. tlu*refore, Ix* (tS milliamp. This steady current will 
j)roducc no sound. 


Wlion, liowcvor, the alternating potentials supplied by A 
are imposed on the giid the jilate current rises and falls above 
and below its iiornial value. If the potential of the grid is 
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iimdo to vary from +1 volt to — i v(l»lt, the plate eurj ent will 
first •rise from ()\8 niilliaiiip. to 1*05, then fall to 0*8, then 

drop to 0*55. and at the 
(aid of th(i alternafion 
rise again to its normal 
value. It is to be noted 
that the inerease of plate 
current, 0’25 imlliam])., 
is equal to the d(*creas(\ 
^Ve. have, therefore, pro- 
(lucial a.U.ernalioiis in the 
circuit of exactly 
the same mitiire- as those* 
impress(*-d on tlie. grid. 
iMor(*ov(‘r, tlu* plate eir- 
( Uit alti'inations are much 
plac(* in the gnd circuit. They 
have been amjdijied. In addition ilu‘> ».h(‘e}) time (^xactly 
with the grid cii'c-uit alterjiations, since the ijiertia of the 
strearii of electrons is negligibh*. 

If the alternations applied to the giid are of a fi(‘qu(aicy 
l(\ss tJjan about 70(K^ per S(‘cond tin* variations of plat(‘ current 

_ will pinduce a buzz in 

tli(^ tcileplione receivers 
T, wliicli will producje 
a click lor each inevease 
or d(Ka(^ase of 2>hAte eiu- 
r^nt. These inci’eases 
and decreases are shown 


I'KJ. S)fni»lc fiuiiil. 


st.ronger than those takin 


I 


UJ 

•IL 


normal 

PLATE 

CURRCNl 


TINE 


!'>: r,a..- Kiicct C. 1 I sU'iid, plaii- iiiii.iit clcarly in Fij*. Tlu; 

o) ill! allomiitui” voUii;;.- on (lie- yri,|. d(,tt(‘.d liuc. JUpnw'jlts tlld 

noma] plain < ujj(!jit. II 

tins altej‘iiutj(*iis Iiavc a Irwjiioijcy rxcciodini' idtoiif. 
practically nothiuff will Ijc licard in tlic ’ftiioncs, wliich -arc. 
incapable of resjwmding to a fnsquemy nnich bij-hcr than this. 

^ Moreover, the human ear is iucapabi(! of hearinj; clicks at a 
LTeater frequency than about. J4.(t()0 jjcy second. Acluall}', 
it can only hear eflBciently frequencies les^t than about :W00." 

In Fig. 52 we have considered the grid <o be at zero 
potential. If we had placed a steady pottmtial of —‘A volts 
on the giad by means of cells included in the gj’id circuit, or 
by any other means, we would have been working our valve 
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on the lower bend of the curve as shown in Fig. 51. The 
normal plate current will be 0*2 millhimp. A positive 
potiential of 1 volt irnprc^ssed on the grid will cause the latter to 
assume a potential of ---2 volts, causing the plate cifrrent to 
increase to 0*35 milliainp. The negative half-alternation 
will cause th(‘ giid potential t(» drop to —4 volts, for which 
vahi(‘ tjie plate current will he 0*1 fnilliamp. It will there- 
fo]*e lx'. se(in that positive half-cycles cause an increase of 
0*15 milliaui}).. while negative half-cyclesi cause a drop of 
only O' 10 milliamp. The average e(T(u*t of one alternation 
on the grid has Ixhmi to cause an increase in the plate current. 
Our original alWu-iiation has been rectified to a certain extent, 
and we can no longci* say that the variations of plate current 
are similar to the variations of grid potential. We, therefore, 
must take (‘-aic that the gi'id potential is such that the varia- 
tions of plate curr<int around the normal value are symmetrical. 
If we arranged the giid pofcuitial to be -|-8 volts we would 
still have rectificalfion, but this time the average result of one 
alte>rnation would be a decrease in the plate current^ since 
we are working on the saturation bend. 

We naturally (ionui to the conclusion that only the straight 
portion of th(‘ curve should be used when am'plifying. On the 
steepness of the* grid-pot(mtial— plate-currcnt curve depends 
largely thi* degree of amplification it is possible to obtain with 
a valve. The st eeiitu' the curve the greater will be the amplifi- 
cation ol)taiii(‘(l. Th(', degree of amplification is roughly 
})i'oportional to *1110 tangent of the angle made by the curve 
with the horizontal axis at the point of operation. Tt will 
vary with *diller(uit j)ositions of the representative point, but 
usually remains fairly .constant along the steep straight portion 
of the cuj ve. 

Further details of the operating characteristics of the valve 
as an amplifier are giwni in the paragraph dealing witl^^ charac- 
teristic curves, ^and piactical circuits are shown in the next, 
chapter. 

Simple Rectification Circuit. — We noted, while discussing 
the amplifier circuit of Fig. 52, that when the normal grid 
potential was of such a value that its ordinate cut the curve 
at a bend, symmetrical amplification was not obtained. This 
suggests to us the use of the vacuum tube as a rectifier ot 
wireless oscillations. All that we have to do is to adjust the 
potential of the giid so that the valve is being worked at the 
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lower or upper beiul. Moreover, this joctifi ration will be 
accoirfpaiiied by uva anij)lifiratioii ellect which will i)rodiic(‘ 
sisals. ()[ imicii greater strenuth than those obtained oi^. a 
two-e]eclr()d(* valve. 

In Fiu. 54 we have a simple cireiiit utilising the three- 
electrode vacnnin tube as a dett;ctor. 1^2 constitiit(^ 

a potent-io meter 
ar?anujement for 
adjust in lithe urid 
potential to a. 
point on one ol 
I tU‘" bends of 
i ^ tlu^ eharacteris- 
~ tie curve. The* 
T slidiuir contact 
shown by ai' 
arrow-head is 
ca.j>able of inov- 
iii<^ alonii tin* 
Ekj. T)*!. — mcriring circini in windi irctilu-aliuii i> ^v]j()](» ]en<'tJl oJ 

(jbtaiii(‘(l l>v usijiji om* <»1 llu* Ix-iuts on tin- pUti , . 

c-nnvht .Miivc. , poti'lltlo- 

nK‘-t-ei* resistance. 

This resistance may convenient I v consist of a j od oJ ‘n aphite 
taken from an oi dinarv lead pencil ; such a, j csistancc* has the 
advantage of b(‘inu non-inducti\ e.* Tin*, l(‘ctilied oscillations 
produce signals in the telej>hoTK^ receivers T. « 

One of the. a, d vantages ol the valve as a d^t-c^ctor js that it 
r&piires very little> <‘neigy to o])erate rf, sincii the cajiaeity ol 
the grid is very small and since t]i(‘ resistance ol th(‘, sj)ace 
between filament and grid is vctv high. When the grid i innains 
negative during the reception of signals, the lesislance of tin*, 
space is almost infinite and no damjiing of the wav(‘. trains is 
traceable to the valve. Kven if the grid is positive* during the 
, operation of the valve, tin; grid (airrerit fornA^d is very sniall 
and the resistarn'O of the; space b(;twe‘e*n filaine‘nt and grid is 
,Mi tlnr neighbourhood of lUO.OOb e)hins. 

It must not bo assuiiie;d that re;ctifi nation can emly be* 
obtained by using one; ol the beMids of the curve*. There* are; 
several methods by which it is obUiiiird, and these will be 
disc iissed in the following chapter. 

Let us now look more cJosel y into the operation of the valve; 

* A potcntKMiiotor having a rctiistancei of about 400 oluns is u^iually used 
^'11 i>ractice. 
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under var\nu<; conditions and see what information may l»e 
obtained by a study of a number of characteristic (*urves? 

^hirther Notes on the Chaxacteristics of the Three-ElQctrode 
Tube. — In Fit*. 51 we ^ave an (example of'one of tli? curves 
obtained by Iceeping the plate voltage and filam(‘.nt current 
constant and varying the grid potential. In Fig. 55 the author 
aives a number of curves he obtained with a small hard valve 
having a wid(*slv-spaced grid. These; curves may be (jonsidej’cd 
tvpical r)l all hard valves. • 

Not. only is the {>.3'5 volt curve given, but also several more 
tained bv using ditTorent voltages on the ])lat.e, but keeping 
tin; voltage' acn^s the filament at olts. tjt't us look first 
at the c,urv(‘ obtaiiu'd when tkk5 volts an; on the plate. From 
this W(; se(' tliat under normal conditions the plate current is 
t)-8 milliarn}). Ily jnitting a gradually incieasing positive 
voltage on tin* grid we cause very c(nisid('rable increases in 
the ])late cii]r(;nt until, at about | 13 volts, the plate current 
leaches a maxim mu valiu*, and r('mains constant at about 
3*1 niilliann)s. If, on tlie other hand, we put a negative 
charge on the grid, we rediic(‘ t in* ])late current. By gradually 
increasing tin* negative charge on the grid we will ultimately 
cut off tin; j)lat(* current altogether. Hiis, as will be seen from 
the curve, talc(‘s* place at about —5 volts. The (dfeci. of 
j)ii1ting a iiiglier voltagi' on the plate is to extend the height 
of the curve until it if;aches a certain maximum height, and also 
to dis])lac(* the chaiacteristic. curve to the left, as will be seen 
from such examples as the 54 volt, 82'5 volt and iOO volt 
(;urv(;s. The curves ar(4 still approximately of the same shape 
and maxinifim st(H;j)n(Nss at the different jilate voltages given. 

Jt \vdll bt; noticed also that as we reach the higher plate 
voltages the value of the saturation current almost ceases tt) 
increase. This is to be exjiected, since the real saturation 
point of tin* valve is b*;ing reaclujd when all the eh‘(‘trons 
(;mitted from th(«li lament go to the jilate. In the case of those 
curves which lie jiart.ly to tin* right of the vertical line through 
Z(;ro grid voltage, which in future we will call the grid* zero* 
ordinate, the grid is j^iveii a j)ositive c.hargc'. It is the resulting 
flow (d‘ eh;cti*ons to the giid and the establishment of a grid 
currt;nt which (diiefly prevents the G-volt curve from reaching 
the same lieight as t.lie 15t-volt curve. If vnc added together 
the values of the grid currc'ut and the plate current at the 
saturation ])oint of the O-volt curve we would find that the 
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total was approximately the same*, jls the maximum current 
obtakied on the 154- volt curve. 



It will be clearly seen that by taking any of the curves of 
Fig. 65, and by suitably adjusting the voltage on the grid, we 


NEGATIVE ZERO POSITIVE 

GRIS POTENTIAL (volts). 
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(ian use the valve at gfny point oii its characteristic curve. 
When we speak of rising the valve at a oei'tain point *011 its 
curve we mean that the vertical line through the ^iven grid 
voltage cuts the curve at that point. • • 

Take, for example, the 82*5-volt curve. With no volts on 
the grid the valve is functioning almost at its saturation point ; 
at —5 volts th(' valve is working at a point midway along 
the sti a*ight st(‘,ep j)ortion of its curve ; at — 12 volts the valve 
is being used at th(». bottom bend of its cury(*. It will be se(in 
lattM* that it is of th(i utmost importance that we should be 
able to adjust tlu‘. yalvi*. to that point on its characteristic 
curv(‘, at which it best carries out the functioii*desired of it. 

1’h(‘ same (>l)j(‘c.t may be achieved by varying tlie high- 
tension voltages, varying the lilament cuj-rent, and ])y varying 
the two together. Let us first see Ihe effect of varying the 
hi(jh-tensi(nt, or platen voltage, ke<‘.ping the grid volt age constant, 
say, for example, at zero volts. By jdacing G volts oii the anode 
we are using the valve at tlu^ bottom of its charac^teristic (*urve. 
Jly placing 54 volts on the plate the valve is functioipng at 
about the hallway j)oint along its curve for that voltage. By 
increasing the plate voltage to al)out 82 volts the valve is 
functioning near saturation point. 

Let us now scc the effect of })utting a fixed voltage on the 
anode, say 33*0 volts, and varying the filament current. By 
drawing a charactwistic*. curvi^ for each value of lilament 
currput we obtain the rcisiilts sh(>wm in Fig. 5(i. They show us 
that by increasiiig the jat(‘ of eloctroii (‘mission we greatlv 
extend the luMght of t^ie curve, without actually displacing 
it bodily tf> one side as w^as the case when we varied the 
anode voltage?. It will be noticed that all the curves have 
their lower portions in common, or practically so. 

Although the curve is not actually displaced to one side on 
increasing the filament cuiTcnt, yet the effect is almost tlic same 
as if it w’ere mowad to the right. iTy keeping the grid at zero 
voltage and using 3 volts across the filament, we ai*e making 
the valve function at its saturation point. Jf we incieasV the# 
voltage to 3J volts, jve will be using the valv(‘ on the straight 
portion of its cut-vo. Jf, now, w^e make the potential dilTerence 
across the filament 4 volts or 4-2- volts, we wull be using the 
valve at the bottom end of its characteristic curve. We 
see, tht?n, from th(? four curves giv(‘n, f.hat. by having a rheostat 
to vaiT the filamejit ciMrent gradually, we caJi produce curves 
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of any height within limits, and also ai* range to have the 
valve iunctioning at any point without having to vary the grid 
voltag^. • ^ 

By having a variable filament current and anode 

battery we can produce 


HIGH-TENSION 


VOLTAGE CONSTAMT SaH^riLAMENT 


4iv A 



side of thc' 
ordinate to 
sjxicial piir- 


alniost any kind of 
curve, and displace it 
to eith(M* 
grid zeio 
serve (uir 
}) 08 e. 

Supposing, lor e„\- 
aniple, we recjuire U, 
reproduce the 82'r)-volt 
curve of Fig. 55 on a 
much larger s(ial(^ : ii 
wt5 imaease the liigh- 
we 
very 
also 
left ; 
82*5 


tension voltage, 
make the curve 
little longer and 
displace it to the 
if we keep the 
volts ('onstant, and in- 
crease the lilanient cur- 
rents, wo will certainly 
increase the height of 
the curve, but at the 
►^auic time we have 
done what i.?e(jui valent 
to displacing the c'urvc 
to the right. The zero 
ordinate would cut such 
a curve about halfway 
up insts^ad of nc^ar its 
saturation point. AVhat 
I we do, therefore, is to 

increase the height (J the curve by using a highoi* value 
of filament current, and tben displace it to the left into the 
desired position, which is completely to the left of the zer(j 
ordinate, by using a higher value of high-tension voltage. 
This increase (if voltage also adds to the luught of the curve. 
Fig. 57 shows the original curve, and also a similarly placed 


GRID POTENTIAL(volts) 


Fig. .* 30 . — set of characicriutic curves con- 
necting grid voltage and jt’atc current, 
showing effect of \aryiiig the Hlament 
curr(‘iit. 


The Three-Electrode Vacuum Tube. 


83 


but larger curve obtained by correctly balancing suitable 
values of filament current and high-tension •voltage. * 
JFrom the above we see that, by judicious adjustment 
of filament current and plate voltage, we can vary 

the nature of the cha- 

racteristic curve and 
arrange^ to have it com- 
pletely to the left of th(‘ 
zeio ordinate, • almost 
completely to the right-, 
or at any intermediate 
position. We Ij^ve also 
seen that once we have 
obtained the desired 
curve by means of these 
adjustments, no matter 
what its position or 
height, we (*,an us« the 
\alve at any point on 
that curve by adjusting 
the normal grid voltage^ 
to the necessary value. 

Thus, if we dcsfied to 
work the valve at satura- 
tion point, and we have 
3J v/)lts across the fila- 
ment and 6 volts* on the 
plate, we would have t<* 
give the grill a normal 
positive potential of 
H-11 volts. If, on the 
other hand, we have 1154 
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r>7. — Showing how similar hut larger 
curves may be obtained by simul- 
taneously increasing the filament cui- 
rent and plate voltage. 


volts on the plate, we would require a negative potential of 
—7 volts on the* grid to make the valve function near its 
saturation point. 

Let us now examine the curves with a view to finding out ( 
what curve, and wh^t point on it, is the most suitable when 
we desire to use the valve as an amplifier. 

Amplification. 

The valve may be used as an amplifier of alternating or 
oscillating currents, microphonic currents prodiict d by sj^eecli, 
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or unidirectional pulses/ It is proposed to look 

more *elosoly into the question of anii)lifieatiou from a quauti- 
tative as well as (pialitative standpoint. 

Fi^/'58 shows a suitable circuit foi* low-freqiicucv amplifi- 
cation. The potentiometer enables us to i:*‘ive tln^ ^lid a 

normal potential on 
eitliej* side of zero. 
The voltage of tJie 
oji^iiifU alt(^rjiatini» 
cuiT(*nt is stepjxMl up 
by means of a. tia-iis- 
f ( )r n 1 iM^ l)ef ore infl u en i - 
ino the ^;rid, its iinai 
value, let us sujjpose, 
rangin g 1 r o i n |- :> v ol t/S 

Fkj. r>8.- A aTjijilificr circuit. ‘ O VoltiS, 

Let US also su])posc* 

that we- are usijig our valve under conditions that givi* a. 
charact(‘.rist.ic curve similar to the K curv(‘ of Fii!. bo. This 
curve is obtaijied by placing volts across the iilarnent and 
volts oji th(^ ])late. 

If we kc^ep tiu^- grid voltage zero, the negative half of cacJi 
alternation will cause the grid voltage gradually to droj) 
to — 3 volts, and then to return to its normal potential. As 
the positive voltage builds up on the grid*--diie to the positive 
half of each alternation — a grid cnrri'iit will Ik‘- set tij). ^ince 
the grid is at- a higher jiotential tliaii a port,i(«i (»f tlu; tilament. 
This flow of n(‘gative electrons wdlUtimd to lUMjtralise the 



positive; charge that the positive half-cycle is trying t/O })lac(' on 
the grid. In othei- words, the grid curnmt i)i (;vejit s to a cen t-ain 
extent the rise of grid potential, jnst as tJje external voltage' 
of a cell drops on ce)mpleting the oute;r circuit. Tlie re'snlt is 
that the positive half-cycle causes an incjcase; in the p]ae;(‘ 
current, which is rather smalle;r than the dticrease p? e»duce;d 
by the negative half-cycle. 

By using the grid at zeie) vedtage we have produced alteT- 
nations in the anode circuit e)f a difl'e;re;nt patiue; to the; e)riginal 


alterations. We have, in fact, rce;tified the Iat4.(;r te) a certain 


extent. Since we are trying to reproduce faithfully e)ir. 
original current variations, this lectifle^atieui eHec-t due to a 
grid current is a very de‘e'ieh;d disadvantage;. Moi‘(;ove;j\ it 
will exist in all cases w^here there is a t(;ridency towarels t he* 
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establishment of a i^rid* current. If we use a higher value 
of anode voltage, the grid current for 3 vi)lts on the jjrid is 
l(\s.j than before, and the rectification effect is not so marked, 
ft will always exist, however, whenever the grid jtotcntial 
lends to acquiie a positive valiui, and th(i rc'sultant damping 
effect, is undesirable. 

In o;dei\ then, to avoid a grid current we must never allow 
the grid voltage to become positive. If, therefore, we give 
the grid an initial potential of — 4 volts •by means of the 
j)otentiom(^ter, the alternating current will vaiy the grid voltage 
))etw(^en — 1 volt and. — 7 volts. Although we now gnt no 
(ioiii plications d^ie to a grid current, by continuing to use the 
sam(‘- curve we are still at an unsuitable j)oint for amjdification. 
\\'(^ are using the bottom ))end of the characteristic curve, and, 
th(U'efore, th(^ increase in the plat(^ current due to the positive 
half of an alternation or oscillation will be greater than the 
de.crease produced by thc! negative half. In our special case 
the incr(»as(i will b(‘. 0*45 milliamp., and the decrease 0*1 
milliamp. W(i, therefore, still hav(^ undesired rectification 
elTects. If we increase the high-tension voltage to 100 volts 

will hi) using a new curv(‘,, but this time the — 4 volts on 
the grid brings us to the upper bend of the curve, near satura- 
tion point. At this point the })ositive half-cycle produces 
practically no increase in the anode current, while thc negative 
half-^*ycle causes a •very considerable drop. This time the 
3 volts fil ing th('. grid voltage to —1 volt, but the plate current 
is only increased from milliamps. to 2*58 milliamps 

while “3 volts added *o the existing — 1 volts on the grid 
caus(*. the jflate current to drop from 2*27 miliamps. to 1*0 
milliamps. 

It is, therefore, important that we should avoid either of 
these*. b(*nds. In fact, if we wish to repioduce current varia- 
tions with absoluli* ac< uracy, it is^essential to use sjTaight 
j)ortioiis of the* chill act eristic curve. The steep, straight 
portion is obviouslv the ])art to use, since* we get big current 
variations in the* plate* e ireuiit lor small grid voltage changes. « 
liven if the eu'elinate glassing thre>ngh the ne>rmal negative grid 
vedtage*. cuts a beiid in the chariicteristic curve, the valve will 
repre)due;e fairly accuiatedy euirrcnt variatie)ns of vertf small 
voltafie, but the amplificatie)n e)btaine^d is small. 

From the3 above it is apj)arent that, te) iive)id rectification 
e*.[fects and to e)btain the maximum amplification, we must use 
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the steep, straight portion of a curve. We could use the 
82‘6-'^olt curve and, by putting a normal voltage of —5 volts 
on the, grid, use it approximately at its halfway po'int. Equal 
positivo^'and jiegative voltages will now cause equal increases 
and d(H*rease.s of j)latie (uinejit, and all current variations in 



Fic. 59. — Showing graphically ilit* aiuiililicaiion oi a coni})l( le cycle of 
. alternating current. 

the grid circuit will l)e rt‘])roducod on !w larger scale without 
distortion in the au(»de circuit. Fig. 09 shows the eficct of a 
complete cycle of alternating current of 3 volts amplitude in 
the grid circuit on tlie cuiTent in the plate circuit, which is 
shown by a dotted line. Fig. 60 shows us the same results 
ill a different form. 
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Jt will b(‘. sfien froin a study ol the 82’5-volt curve inulei’ 
discussion that if wo use a stronger altcrn 4 i,fcing ciirrent*in the 
gr^d circuit than the one we have so far considered, not only 
wdl we be using both bends of the cui’^e. and so* produce 
distortion in our anode 
cii’cuit alternations, 
but \je will not be 
getting the fullest 
amplification possible 
with the vacuum tube. 

Let us suppojse 
that th(^ alternations 
in t.he grid circuit 
hav(^ an JO.M.F. vary- 
ing from -8 volts to 
+8 volts. By giving 
the grid a normal po- 
tential of —5 volts w(^ 
will vaiy its voltages 
b(‘tween —13 and just- 
under -|-3 volts. The 
effect of this on tli(‘ 
aiiodc! current is* sliown 
in Fig. (il, which 
shows us the •dis- 
tortion effects, and 
also shows that tlie 
amplifi ed altern ati < )n^ 
are of * not mindi 
greater amplitude than 
thos(^ produced by the 
3-volt alternations. 

From this we sc<» ^ 

that for a giv(?l(i cluiracteristic curve, oi*. more simply, foi’ a, 
given value of filament current and plate voltage, the maxi- 
mum amplification obtainable is limited, and is acliiiwej 
when the varyin <4 grid voltage vaii<‘s the anode current 
between zero and its saturation value.* 

For strong alternations or signals, it is therefore desiiablc 
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Fig. CiO. — ^A nother inoibod of showing the 
symmetrica] amplili cation of a cycle of 
alternating cun’ciit. 


* This phenomenon is very useful when it is desired to lessen the effect 
of very strong signals. The vaeiinm tube is a natural “limiter'’ and may 
bo ari>tinged so tliat strong imdesired signals are amplified to a less extent 
than weak ones. 
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to extcjid the (nii vo v(*rtif*.a.lly. This,' wo have shown, can ho 
done ()y inon^asiiii* Iho iilainont cnnoiit and hitjh-tension 
voltat»o. Wo still, ol (u)urse, keoj) tLo whole of the strai^^t 
porticjii* Of the ciiVvo to the loft f)f the i>Tjd zero ordinate. 

59 shows tin', original 82*5-volt curve — wliich was only 
suitable for altcMiiations or oscillations not oxcooding 3 volts 
amplitude, and also a higlu'r curve suitable for amplifying 

stronger current varia- 
tions. This curve will 
do justice to our 8- volt 
alternations, and no 
distorti^m ollects will 
Ix' piv)dncod. It will, 
however, bo necessary 
to give the grid a 
nm’Jiial voltage' of - 8 
volts in order to use 
the vui*v(‘ at its hall- 
way point . 

Althcaigh it is not 
ahsol iitely ]H‘C(*ssary 
to use the valv(‘ near 
lh(^ ihid - way pond 
along its curve, this 
is j^eiK'i’ally done wln'.n 
anij)lifying alternating, 
oseillatfing or micro- 
•phonic currents. If 
the current ^variations 
are not too stro^jg, we 
may use practically 
any ])oint on th(‘, 
straiuht port, ion of 
the cTirve as oiii' 
normal adjustment. The ])oint B on the «2 r)-volt (uirvo, 
(Mg. f)5). ohtaiiio.d by using a normal gi id voltage of -- 9 
volts, would be quite', suitabh? when amplifying currents 
which varied the grid potential 1 volt to (ntlu'i- side of its normal 
value. On the other hand, it ivould b(‘. quite', unsuitabhi for 
amplifying currents w^hich would inc.r(^as(i and decr(',ase the 
grid voltage by 3 volts. 

Thus we see that our choice of the most (‘.flicjent curve and 
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the most eflicient j3()mt on that curve is dependent very largely 
on the strength of the alternations, oscillatiiiiis or microjAionic 
currents whiih are to influence the, iiiid. 

The amplification of imidinM tiojjal pifSses, such* as arc 
obtained from a rec,tifying deteclior, is a mucli sim])]er matter. 
Since the current flow is always in the sam(‘, direction, we can 
arranuje ^matters so that the i^rid always rc^ceivcs a negative 
charge at each pulse. Since' thei-e will never b(', a grid current, 
it is unnecessary to have an initial negatik'e voltage on the 
grid ; w^e can keep the grid at zero voltag(^ and dispense with 
the jjotentiometer. As r('>ga.i*ds curves, we (*,an use most of 
thos(*, given in Fig. bf), the choice dej)ending upon the strength 
of the pulses on the grid. The ()-volt curve, however, is 
inefficient, paitly Ix^cause it would be unsuit/ji,bl(‘. for any but 
very wivdk })ulses, and partly bex-ause even then the current 
cbangc-s in tin*, plate ciivuit would be very small, the curve 
gradient at f liis ])oint not l>eing steep. 

Th(^ .‘]3’r)-volt (*nrve is capable of di^aling efficiently with 
strongej* ])uls(?s which would cause the grid j)ot('!ntial to drop 
Ur vahu^s as low as -3 volts. For still stronger pulsi^s the 82*5- 
volt curv<i would be suitable. For ])ulses which would cause 
the })otentiaI of the grid t*o drop 12 volts but JioY more, the 100- 
volt curve (joiild be used. Curves such as the 154-volt (‘uivc 
are ])]'acti(;allv useless for amplification,* since it would take 
the first 12 volts on the grid to round the saturation Ixaid and 
])n)diice a droj) in plate current of only O'G milliaiiip. Xone of 
the curves ol Fig*. 55 would, therefore, be suitable for ampli- 
fying vei v st rong pulses.# The large curve of Fig. 57, however,* 
would be veiV suitable. This curve is obtained by 1 52 volts on 
the platf and 4 volts across the filament. This cur\'c would be 
suit.able for gi'id voltages down to — 18 volts, wliicb \’a]ue 
would produce a drop in plate current of about 6 milliamps. 

If, by mistake, W(', connected the juiiplifyiiig valve oryalves 
.50 that the pidses*i!ave the grid a positive value, we would have 
t.o adjust th(^ high-teiLsion voltage and the filamcmt current 
so that a cojisiderable iKulion of the curve would be to’ the • 
right- of the grid zen^ ordinait*. The r2-volt, curve of Fig. 55 
would be suitable.' Such an arrangement might be considered 
(economical, since tine plate curnent is norjiially \ ory small when 
signals are not ix'ing rteceived. Ilowc'ver, the amplification 

‘ Unless, of coui se, :i steady iiormiil iiegiiti\e poieiilial were given to 
tile grid. 
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obtained is not as great as that given by tlie jevorse con- 
nections, f()]‘ tw(v reasons c*.losely allied. In tlie first place, 
the ‘‘straight” portions of curves become less ’steep to, the 
right of the grid •zero ordinate, owing to a certain proportion 
of electrons passing to the grid ; secondly, this grid ciirnmt 
prevents the potential of the grid ]*eaching its full positive 
value. Consequently, the operating potential on^the grid 
should never be positive. 

When (jonnecting up an amplifying valve or multi-valve 
amplifier, the reverse connections to grid and filament should. 
th(irofor(\ also be tried, and the oj)tijnum signal strengths 
obtained in (iadh case not<‘d and conipan^d. ^ 

It will have been iiotir*ed that v^^hen we arc dealing with 
unidirectional pulses it is not nec(issary to inals(' the valve 
function near its midway j>oint. 

In fact, if we do this, we will be usiiig a curve twice as high 
as is necessary and half the curve will never be used. This 
means that we are needlessly wasting current from the lighting 
accumulators, and perhaps from the hiah-teiision battery. 
If the giid is connected so as always to receive pulses which 
give it a negative charge, a curve of half the heiuht may be 
used, provided we use it at the uppei* end of its straight portion . 
Such a curve is the “ D ” curve of Fig. 5G. *This arrangem(‘nt 
is almost as efficient and far more* (economical than using a. 
higher curve like the “ C ” curve of Fig.*5G. Similarly, when 
we arrange for the grid always to rcu-eive positive pulses, 
we should, for reasons of economy, use th(^ bottom part of the 
‘steep, straight portion of the curvcf The 12-V()lt curve of 
Fig. 55 would be suitable.* * 

For a valve to bo efficient as an amplifier of any type of 
current variations its chai-actei'istic curve should, along its 
straight portion, be as steep as possible. It is iinpoitant 
notice.^ that for a given valve the portions of tin* curves used- 
namely, the steep, straight portions of cufves lying mostly 
or altog(ith(;r to the loft of the grid /(‘lo oidinut(‘— have all 
1 approximately the same gradient. Th(‘ lOO-vult curv<‘ of 
Fig. 55 is not quite as stc^ep as tlu^ 5lrV()lt, eurv(\, but the 
variations of giadient are never eonsideiable. [f anything, 

♦ The above remarks assume that the normal giid potential is near 
zero. Wo onuld with considerable' advantiige use a curve lying to tin; left 
of the grid zero ordinate by giving the grid a large negative potential In 
this case the pet(;ntials requiring ampliiieution could be afiplied to the grid 
in a direction temding to make it positive. 
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the higher curves obtaiifc’id by large values of filament (uirrent 
and high-tension voltage are the steepest. , • 

^ different types of valves, however, vary considerably in 
the gradient of their curves, and, therefore, in their •value as 
amplifiers. Fig. 02 shows a comparison of the curves of two 
types of valves, the one having a steepiTi* curve than the other. 

Before passing on, let us summarise', some of the points 
already dealt with above. 


Different combinations of filament curre^it and high-tension 
voliage give us curves of different sizes and positions. The 
position of the point/ (.)f intersection wheie the curve is cut by 


the vertical lin^e pass- 
ing through zero grid 
volts, and which has 
been termed the grid 
zero ordinate, is of tlie, 
utmost importanc(^ 
For general amplifiei* 
work this line should 
cut the curve just 
below the saturation 
bend. The workable 
portion — the sti'aight 
pait— is then entirely 
to the left of the 
vertical line, and no 
]ectifi(;ati()n effects 
arc obtained through 
the establtehment of 
a grid current. 

Even more iin- 



Fiu. 02. — C'oinpjiraiivti hleepucBB of two cui'ves. 


]H)rtant than the curve 's position relative to the zero 
ordinate is the point at which we work the valve — that 
IS to say, the part of the curve* cut by the vertical line 
j)assing througli the uoj inal jiotential of the grid, which may 
be given any value. To find the value of this normal grid, 
voltage most siiitab]c for amplifying currents of an alternating 
Jiaturei we have only to drop a perpendicular line from the 
midway point along the straight portion of our curve on to 
the grid voltage abscissa. This negative Vcilue may be given 
the grid by means of a pott'iitiometer included in the grid 
cij cuit, no matter whether the grid circuit has in it the secondary 
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of a stcp-Lip tianwJornu^r or an incfnctanre foil. Wlioro a 
certaiti aniomit (ff (distortion in tln^ ainj)lili<^d finrcmt variations 
is not of fonst'-rpn^ncci w(', can IccH'y) tin', ^rid at zeio voltage,])}' 
simply ^onn(‘.ft.ini::' it, tlirouuh tin* transformer or ijidiictancc 
('/oil to tli(^ iici>’ativ(^ (*nd of tln^ filamimt. In this case w(‘ 
wonid aiiaiJi^c^ tJi(‘ curve^ so that the i^rid zcj'o ordinat(‘ would 
cut it at its halfway ])oint. W'Leii sya^rh, liowcn'i^T, ,is to lx* 
am])lilied, it is of <Tr(*,at imjxntaiKx^ that wo should avoid the 
sliglit(\st dist-ortioiii. In ])!aftife. \\t. (X)nld use a couple of 
dry cells, iustcml of a ]x)t<*ntioniett‘r, t(> Ja'cp tin*, lin’d at 
normal u(\iiativi‘ value*, and arraniu*. our curv(‘,s ac(‘ordiiiuly. 

The fhara(*teristic curve may lx* displace*!] to tin*- h'ft hy 
inc.r(*asiiju the hiiih-kmsioji voltam* on tin* anode. This haidly 
affects the s(<H*])ness of the straight j)ortions of the curves, 
whi(*h remains more* or h‘ss the s«ame for dilTeH*nt. value's. It 
will he j)oticed that the cnrv(vs of Kin. hh all have llnar stiainht 
portions almost ])aralle*]. At tin* same time*, tin* maximum 
hei.ulit e)f the cur\e* is usually iiu'ivased. « 

Tin*. (*xtensiou of a charact(*risti(* curve is juactically 
equivalent to movini' tin* cuive to the »iiilit. The (‘Jfex't is 
to make the* I'lid zeie) orelinate c-ut. through a re*lativ(*ly le)W(w 
point of the curve*. For Ioav vahn*s of a,ue)de‘ voltain* the 
(^xteMision of the* cui ve l>y iucn'asin^ tin* volWn* on tin* plate* 
excc*eds the* actual dis])lacenn*nt of the curve to tin* leit. 
The r(*.sultant. edfect is that the ^rid ze'ro o!dinat(‘- cuts thre)U,iilj 
a lower relative point on the curve*. As Ave* ine‘r(*ase* the* Iwiih- 
tnnsion voltaue* the exUuision j)roduc<‘,d hex-on n*1s small com])ared 
t(‘) the displacem(*.nt to tin* h*it, so tkat tin*. Tvsultaiit e'dect 
is^that the point wdnu-e the ordinate cuts the chrve* nioves 
higher and higher until saturation point is rcacln*.d. 'Th^^ above* 
\\ ill he more (dearly understood l)y a reference t(> Fii;. oo. 

The, c-licct of iuc.r(*asinn the filannmt cnr?*(*.ut is simpl}' to 
extend [h(* curves without actually movini^ it sideways. This (!x- 
ttnision, ]iowevcr,is (*.(|uival(‘.nt to inovini* the* clirve to the rii'ht, 
since it causc-s the z(*ro ordinate to cut it at a lejwei point. 

« Jiy incriiasini; or (l(u-rcasini» tin* lilam(*ut (uirrent, and 
anode volta^ie toi»cther we can produce*, ik s(*ri(‘s of cui ves all 
similarly placed with n^^aid to the Z(*,ro ordinate*, but, of dil)(*r(*nt 
siz(*.s, the larger curves h(*in^ suitable* lor amplifyin^^ vcin 
strojiy curr^*.jit variations. 

Before pc^ssiii^ on it Avould lx*, as we*.ll to }X)int out that the 
results giv(‘ji he.re in graphical form have* been obtained by 
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living ilio j>Tid steady* maintained potentials. They may 
be termed the static chaiacteristies ol tha. valve*. In Sietiial 
})r^;tice, especially when amplifying hi^h-frequency oscilla- 
tions, the potentials <>iven to the. <^vid are* only mortientary, 
lastini^ j)erhaps for only a millionth of a s(x*ond. Deductions 
from tlj(i curves must be inade with tliis always in mind, 
2)articu4arly when considering those ])ortions of curves wliiclj 
lie to th(*. ri^ht of the grid zero ordinate. This j)()int will be 
subseqmiiitly emphasised more strongly. • 



CHAPTER 111. 


Tr[F: Vacuum Tube as a ])ej’ect()r. 

Methods o£ Reddfying Oscillations.-- Tin* (or 

triodo vacuuin tube iiiav bo used as a dotoctor oi 
wiroless oscillations by 'taking advanta<»o of : 

(а) i.he non-linoar charaotoristics ol tho ^i^rid-potcutial — 

plato-cnirrent curve ; 

(б) the establishment of grid currents ; 

{c) combinations of the above ; 

{d) the cumulative rectification elfect of a grid condenser, 
of Asymmetry of Plate-current Curve. — L(^t us first dc^al 
with the rectification obtained by using variations in gradient 
of the curve wh'ich represents the ellect of grid potential on 
plate current. This curve is usually similar in shape to the 
letter S. In order to avoid the complications of other effects, 
such as the establishment of grid curreiitfi, we must shift, our 
curve completely to the left of the giid zero ordinate, wjiere 
we can analyse it in comfort. This moving^ of the cur\7^ is 
ciisily accomplished by placing a high potential on tlie anodt‘, 
or by decreasing tlic filament current. 

The upper curve of Fig. G3 is a vejy typical one. It 
shows a curve obtained by using a plate potential of 171) volts, 
and 3'o volts across the filament. Tli(i giid ]>otential was 
varied between --29 volts and zero volts, and at each ad just- 
ment tfie loudness of signals fjom an exUnwal traiisiiiitting 
station was noted on a circuit similar to that, of Fig. 04. 
.which is self-explanatoTv. (Comments liave been made at 
different points on the curve, showing ]y)w the loudn(‘.ss of 
signals varied, and it will b(* seen how closely the actual rcjsults 
obtained bear out the eouclusions we made. 

At about *- 29 volts the, signals are very weak becaiisci tli(‘ 
curve at this point is only b(?giTining and slopes iipwaids verv 
gradually. This adjustment O (Kig. 75 ) inay be teiined i\w. 

. 94 
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'paint of origin, and is most unsuitable, particularly for the 
detection of weak signals. The rcctificatien effect is *good, 

^ ^ ^ __ 



Fio. (»3. — Denionstratinj? rectification obtained through a.symrnctry of plate 
current curve. 


siiKio iioi»ativ(5 lialf-oscillations produf-c absolutely no ])late 
current while positive lialf-cycles do produce n current, but 
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this is so v(*.iy small that tlmawpllJiMlon cHoct is negligible. 
The fc^gnal streagtjj, it must bti lemembcued, depcuids not only 
on the degHM^ oi rectification bid- also tlie amplitication. 

As* Me decr(‘.aso the negative potential oi’ the grid signals 
l)e(*-ome louder, since the ciirvt^ steepens. At A we obtain th(‘- 
loudest signals on the lower bend of the curve. Wdun in- 
coming oscillations are strong it is hard to deiinci the best 
opiMui-ing point. Any part of the lower bend can usually be 
used with equal efhic^tiveness. AVhcn signals aie very wccak 
the adjustment is more critical and one cannot sav definitely 



Fig. <»4. — Circujt for studyniy llio roctjficatinj) ji}>tjum(J on plate curTCJil 

curve. 

• 

by lookimj at f/ir currv wdiat jioint will he most- siiitahh'. .The 
point most students would select Avould prfjhably Ixi higher 
than the one which would give best results in practice. V'ery 
line adjustment is not usually required, sinci^ it is a l>ad 
principle to apjily weak oscillations to a valv(‘. ifier ; 
oscillations should be first magnified by one of the various 
means available. 

Asjsve move our operating jioint furthiu- up th(^ curv(‘-. the 
signals die off gradually and disappiiar vcuy^rajiidly aftm- the 
point B, where wc begin to enter on to llui straight, steep 
• portfon of the curve. The oscillations an* jiow producing 
large current variations, but the rectUication has become 
negligible. At D it is alisolutely zero, and we note that D 
is very approximatidv the halfw^ay point along the curv^e. 
The point ]) is therefore ideal for tlje faithful leproduction 
on a magiiified scahi of any current variat ions we may de-sire 
to amplify. 
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As we decrease the •negative potential of the grid, the 
operating point will move higher up the yurve. At B very 
weak signals are heard, which become more appreciable at F 
owing to th(^ conv(ixity of the curve. The'plate current now 
drops shghtly during the reception of waves from an external 
station. At G signals become much louder, and at J they 
reach a maximum. This point J is what the author has 
previously termed the initial point of saturation. It is, as it 
were, the brink of the curve. Below, the curve makes a steep 
descent. Above, it gradually rounds oil until at M it becomes 
level. 

It is this initial point of saturation whicB is usually the 
best adjustment. In many valves it is superior to the point A 
at the lower bend. This is particufarlv the case in the 
RV30 valve, whose curve at saturation })oint is very sharp. 
The reason for the efficiency of the point J is not far to 
seek. Since it is the brink of the cui*ve, a small additional 
negative potential# will cany the rc^presentative point a 
Considerable distance down towards H. An equal increase 
of j)()tential above th(^ normal value of the grid (—4 volts) 
will, however, cause the rc'presentative point to move only 
a little higher up tlu^ slope. The result of an oscillation 
is a considerable/ average drop in the anode current. Good 
lectification can always be ol)tained if the vertical line, or 
ordinate, tlirougli normal grid voltage cuts the curve, 
or ciaraciefistic surface, at a point whei e the curve is convex 
or C/oncav(‘. Bottei’ rectification can be obtained if the 
curvature changes j'ajudly. If the curve being used is a 
parabola the exact opeiuting point is immaterial. The 
rectification at any point is the same. Tf, however, our 
(jurve is a parabola up to a certain point and then suddenly 
becomes very much stee])er, the curvature will have changed, 
and the best operating ]>oint will be where the curve c]janges. 
Such critical j)oiftts are frequently met with in vacuum tube 
work, although not enough attention is given to the recti- 
fication due to a uniforjn curve. • 

As the operatini]^ })()int on our (Fig. 03) curve is moved 
fmther up, 1-he signals obtained become weaker, as at K. 
At L, which might have been thought the best point, signals 
are still weaker although good. The bend is pronounced, but, 
although the increases of anode current for positive half- 
oscillations is almost negligible, this is coimterbalanced by 
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the fact that for nei^ative half-oscillations the representative 
poiiit^only travels on a gradual curve and the drop in anode 
current, tliou.oh ^^rcater than the increase, is still only small. 
This pobit, however, is an excellent adjustment when incoming 
oscillations are strong, and sometimes proves more efficient 
even than ,1. The representative point will now travel a 
considerable distance down the straiglit steej) portion of the 
curve when negative half-oscillations influence the grid. 

At M, the linnl j)oint of saturation, the oiii‘V(^ becomes 
level and further j)ositive grid voltages cause very little 
diiferejice. AVith —1 volt on th('. grid we have reachc^d con- 
ditions analogous to those existing at 0. ^Eectiii cation is 
good, but weak oscillations produce practically no results since 
the curve to the loft of M slo])es down only v(‘ry gradually, 
and the amplification effect is very small indeed. 

At N (zero grid volts), signals begin to improve a little 
and do not die down f-o zero as we might have ihought at first. 
This is due to a very interesting effect produ(*ed by the estab- 
lishment of a very wc'ak grid-current. This effect is discussed 
later, but a few remarks to explain the pJienomenoii will not 
be out of place here. Wlnm the grid poUwi ial becomes positive 
the g?‘id draws to itself a number of (dectroiis. The Jiighor 
the positive potential of the grid the grc'attn* will bo the grid 
current. A curve YZ (Fig. (>3) may be drawn to sliow the 
grid-current for positive potentials of tln^ grid. It may, for 
the time being, be considered as starting at zeio volts, ^ny 
positive potential on the grid caused by p^fsitive half-cychis 
will make the grid potential higher tha*i that of a small portion 
of th (i filam ent m easu red from then (^gat i v(^ (uul . Th resi 1 1 tant 
electron-current will tend to prevent the positive charge on 
the grid building up, thus ])artially damjung out the positive 
half-(;ycle. The positive half-oscillation will therefore cause 
a smaljer change in (/rul potential than the negative half-cycle. 
It will, of course, be realised by the Header that wh(in 170 volts 
arc being used on the anode the grid current will be infinitesimal 
1 since th(i anode will Ix^ capable of drawing almost all the 
ele(;trons through the grid even if some dj/1 wish to go to it. 

Now, if the curve at N were absolutely level, no variation 
of grid potential would produce any effcjct. As a matter of 
fact, however, the curve is usually a verv slight gradient 
upwards, due perhaps to tlu? effect of the grid on what little 
might remain of the space charge and on the few reluctant 
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electrons. On the other hand, the curve may be sloping 
gradually downwards since the grid is be^nning to rob the 
aiKJtfle of its electrons by diverting them to ^tself. If ^hen we 
assume that the curve does possess a gradient, the asymmetric 
variations of grid potential will naturally produce signals in 
the telephones. 

All ^le above results may be illustrated by the low(ir curve 
of Fig. (33, which shows approximately the signal strengths at 
different points of the curve. * 

Rectification at Highest Point on Anode Current Curve. — 
We have hinted just al)ove that the anode •current curve 
begins to fall after the saturation point has been reached. 



Fic. 05. — Showing; how^ jukkIc cuiTcnt deeroasos after saturation point. 

Usually the curvu prRceeds gTadually upwards, but sooner or 
lat(ir«it is bound to come down. This fact has often been 
overlooked, since It usually reejuires very high grid potentials, 
to divert a portion of Mje electrcm flow to itself, especially 
when the grid is fairly opeui and the anode potential high. 
With 4 yoits across the. filament of an ES4, French R or VT 
valve, and 152 volts on the anode, it retpiired -1 1 50 volts on the 
gi’id bofoie the anode current began to drop. By using small 
iilament currents and low' anode voltages we can, however, 
obtain the highest*point on the plate curve with relatively low 
values of gi*id potential. Fig. (>5 shows how^ in the case of, the 
same valve, the anode curient drops after the grid potential 
has passed -{-M voltsf The curve ABIU^ shows the variation 
of anode current and OPQ the grid current, which, in this 
case, becomes even great»er than the anode current. 

It will be seen that if we adjust the grid to +24 volts so 
that B is our operating point, a variation of grid potential 
either way will cause a drop in the anode current. Perfect 
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recti^eatioB is tliiis obtained, but the bond is so blunt at B 
that the adjustmc^iit is only of theoretical iiitei’est in the case 
of iiKJS^; valv(^s. Jt could only b(i used for strong signals.*!, 

A somewhat similar result would ))e obtained if we could 

d(‘.v(‘.lo]^ a vacuum tube, 
having a curve similar to 
that of Fig. 6(). « 

By adjusting the grid 
])ot<mtia.l so as to use B 
as the o})erating point, a 
variaiion of grid potential 
eijlun* wa^> would cause a 
dro]) in anode current. Such 
a kink has Ix'-eji produced 
by W'. (\ AVhite by intro- 
ducing into a pliotron a 
small quantity ol merciuy- 
silver afnalgam.f 

Practical Circuits for 
utilising the Non - Linear 
Characteristics of a Valve. — 
Fig. (17 shows a sim])le cir- 
cuit suitable for obtaining 
signals by taking advantage 
of the non-linear iiatiire of the anode* (airrent cii7‘V(j. The 
cf)il L is a variable inductance. C is a variable^ con- 
• denser c-onnect.(ul in the earth lead wlun* auto-transfojnier 
connec.tions are used, as in the ]fr(‘.sent case. P and B 2 
constitute a potentiometer arrangement for varying the 
voltage of the grid. The battery Bo ma\’ convcni(;iitlv give 
a voltage of about 20 volts, and the, I’esistance P sliould 
have a high value, say 500 ohms. It should be large 
enough to j)reveut tlv'- battery B 2 fi'om discharging too 
soon. A switch should tx^ pjovided for cutftng off the current 
from B 2 when the circuit is not in use. A connection is taken 
from the halfway point along the resistancxj to tlui negative 

* Marconi's Wjr<‘k*ss 'IVlcgraph Co. and E. p! Swajm have dcscsrjbcd in 
British J^alcnt 105081 (Fch. 25/10) the use oi such a point as P on tlio 
curve APBC of Ejg. (>5. .Strong signals or atjno.sf)hcri(;s caus<* t}iercprcs( n- 
tiitivo point to travel (»vcr tlie cre.st B; a dccidefi “Jinuting" effect is thus 
produced, SLif^ng signals giving no bigger oifaat than weak ones. 

t B. T.-H Oo. (deiKsral Electric Cki., U..S.A.) Rritisli Pufcrit 147017 
(March 20/14). 



Fkj. 00. — llcctificatioii oldaiued hy 
means ul a kink 111 1 lie anode cm - 
lent curve. 
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side of the filanient-lieating accumulatoj* Bj. The sliding 
contact S moves along the whole length oi the resistaiiTse P. 
II iijan anode battery of about 80 volts * variable in steps^ The 
telephones T are of high resistance and are* connected in the 
anode; circuit in such a way that the steady anode current tends 
to keep the magnets magnetised. The sensitive telephones 
made jbj S. G. Brown are marked and - to facilitate the 
connection. The left-hand side of thes(; t(;lephoncs is also 
connected to the negative end of the filairirtit. They should 
preferably be connected to the positive side of Bi. in which 
case four volts less of the battery II would be required for 
any adjustment.^ For the sake of uniformity and because we 



Fjc!. i9n . — A siiiijilc rcfciA imr circijil in which the noii-liiicar characteristics 
ot the j)late ciim'iil ciir\e are ein])lo_NCtl. 

« 

are considering all potenfials as bi;ing measured from the nega- 
tive end of the filament, it is projiosed to show both anode and 
grid circuits connected to the negative side in most cases. 

If th<; resistance P is of the coil type a small condenser (d 
about 0*0003 mfd. mu)* with advaJitage be connected across 
S and the niiddly i)oint of the resistance. This is rtot so 
necessary if P is a p(;ncil-resistance. 

The method of operation of this set is very simple. -The 
anode voltage may be adjusted to^ say, 50 volts and the voltage 
across tin; filament fo 3*5 volts. During tlu; reception of 
signals the sliding contact S is moved along the lesistancc P 
until the loudest signals are obtained. The filament current 

♦ Jn the case of KV.‘iO, ES2 and A'24 type valxes, a !)attcry having a 
maximum voltage of 40 volts is sullicient. \ alvcs ol tlu* \'T, French, K, or 
E84 type requke much higher anode potentials. 
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may be varied by K and dillereiit adjustments of H may be 
made, but a new adjustment of S will be necessary. 

There is no need, when usin^ a circuit of this type, to Ijavc 
the liji icf-potential— anode-current curve completely to theleft ol 
the i;rid zero ordinate This was done j)reviously in order to 
avoid compIicatioTLs. Tlie curve may he almost in an\^ position. 

A simple circuit may be arranged witliout usin;^ a potenti#- 
met(U‘. Th(‘, ai'id is hej)t at zero potimtial, and in oj’der that the 
^rid ordiiiai^e mat (*ut the characteristic siiilace at a suitable 
j)oint, the ciiives themselves are moved sideways or u])wards 
by varyin.i; thj^, anode voltai'e or hliunent current. Fig. 68 



, shows a circuit which would be suitable. J ir order to accustom 
the reader to dilTerent variations of the^ methods of tuning, it 
is proposed to show various examples as we go along. Jt will 
be understood that the methods oi tuning are intercliang(\ablc. 
Fig. 08 employs a method suitable for th(i recejition of long 
waves. The aerial circuit consists of a variabh^ tuning induc- 
tance^L, a fixed inductipice L2, and a variable condenser Cj. 
The fixed inductance Bo coupled to anothf;r fixed inductance 
L3 \vhich, in conjunction with the variable loading coil L4and 
the variable condenser forms part of the secondary circuit. 
The condenser C2 should be as small ai^ jiossibh^, as is always 
the practice when using potential-opiirated diitectors. 

To obtain the correct operating point, the anode voltage 
may be varied, in which case the (uirve may be moved side- 
ways until the grid zero ordinate cuts a bend. By looking at 
the curves of Fig. 55, we will see that it is not practicable to 
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use the lower bend. iTwelve volts on the anode would ^ive 
the desired result, but the curve to the right of the ordifiate is 
not steep as the higher voltage curves and therefc^re the 
amplification eflect would not be very marILed. If wfc desired 
to use tl»e lower bend, it would be better to use, say, 54 volts 
on the anode and give the grid, by means of a potentiometer, 
a potential of — G volts. On the other hand, we may very 
conveniently use the saturation bend. By increasing the 


anode voltage we would 
probably get the loudest 
signals at about 82*5 volts. 

It is, howc\^r, trouble- 
some to vary the value 
of the anode battery, and 
moreover we cannot con- 
veniently vary it smoothly. 
To do so we would requires 
a potentiomfiter •arrange- 
ment in the anode circuit or 
a vwiable series resistance 
of about 10,000 ohms maxi- 
mum. We can obtain tliis 
desired smoothness of vari- 
ation by using the filament 
resistance K instead* of the 
anode battery. Fig. 5G 
showed the effeeft of keep- 
ing the anode voltage cron- 



Fi( (>n. — To illustrat(‘ how tin* ofK*ia.tinn 
]>oint may ht* adjiistocl to Uio initial 
|KMut ol saturation liy varying; tho 
lilamoiit cunvnt. • 


stant and increasing the filament current. The curves took the 


generaHorm of Fig. GO. The curve ABLC s the result of a low 
value of filament current. Bv increasiii. this curnmt the curve 


changes to ABDKE. We are still working at a point to the 
right of saturation. By increasing our current lilamenj gradu- 
ally, we may shift the curve into the position ABDJF so 
that the ordinate througli onr normal grid voltage (which 
is zero) })asses through the c.urve at the initial point of« 
saturation. Signalsiat this point will be very loud. As we 
increase the filament current still niori^, the curve takes 


up positions similar to ABDNO, signals becoming weaker. 

Rectification by Grid Currents. — The author once overheard 
a student declai*e that he did not place very much faith in tlie 
“ rectification at the bends theory, because he could always 
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obtain very good signala all the way up the curve and not 
just it the bends.* Even when he adjusted the curve so that 
the grid zero ordinate cut an ahsolutdy straight portion qf^thc 
curve, sfgnals were' heard. 

The reader, if a novice, may thinlv the same when he begins 
to experiment with valves. iJoubtless, however, he will soon 
have conditions similar to those represented by the ^urve of 
Fig. C3, which lies completely to the left of the grid zero 
ordinate. He will iK)ti(*.e that rectific.ation is only obtained at the 
bends or where the curve is concjxve or convex, and then when 
he adjusts his potentiometer to the half wav point of the curve, 
signals (completely disappear. He \\ ill the] improbably realise 

that wh (311 his operat- 
a point is well to 

the left of the gridzej'o 
7 ^ ordinate, ncctificatioii 

6 _ ^ . (can only be explaim d 

in 2 ' by the asymmetry 

^ r I ' ' ' of the grid-po- 

^ 1| — \ i tential — anode- 

=? qI : p current curve. When 

y ^ i— — ^ 

1 I / th(3 opei*ating point 

^f -| y - is (‘n tJie grid zero 

I _ _ . .. ordinate or to the 

^ I right of it, this ex- 

-20-i6“‘ o ” planation does # not 

GRID VOLTAGE always hold good, 

since signals are ob- 
Fig. 70. — Dtemonstrating rcctiiioaliuii produced ^ wh(cn the 

l»y a grjd currciil. ' . . 

cJj aracticristj (c^ c ur ve 

is st7*aight. If the read(ir were to coniuHct a vciy s(‘nsitive 
galvanometer in the grid circuit of the valve when the 
operating point lay oii ihe grid zero oidinatic (in other 
words, when the grid was connected to th(? negative end of 
the filament), he would find that a small grid (curient was 
• estatlished when signals weie received. He would assume— 
correctly — that the rectification obtained was due to this gi id 
current. 


Fig. 70 shows a typical grid-potential— anode-current curve 
APB with a grid-potential — grid-current curve PO beneath it. 
The grid current is shown on a scale exjual to that of the* 
anode current. The operating point we will consider is P on 
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the grid zero ordinate/ These arc; the conditions existing 
when a circuit of the Fig. G8 typeis used and the anode potential 
is guitably ‘adjusted. We will suppose that P lies cm the 
steep straight portion of the curve APB. * 

When wireless waves are being received, the; grid of the 
valve has its poti;nlial varied alternately above and below 
its norjyal value. If this normal value is negative, the varia- 
only are equal. A\li(;n, however, the grid is at zero potential, 
tions negative; half-cycles produce their fail effect. Positive 
lialf-cycles will temd to give the grid a positive charge which 
will attract negative electrons. These electrons will partially 
neutralise the positive charge which the half-oscillation is 
trying to build uj) on‘ the grid. When the grid becomes 
negative;, the resistance of the space between grid and filament 
is infinite, but when the; giid becomes positive a grid current is 
establish(;d which lessens the resistance of the tube and 
tends to damp out the positive half-oscillation. A comparable 
effect is noticed when an external cb'cuit of a battery is com- 
pleted. Tin; battery may give an E.M.F. of lb volts on open 
cir(‘uit., but wh(;n a resistance is connected across its terminals 
the E.M.F. may drop to 8 volts. The chop in E.M.P\ will 
depend largely on the amount of current flowing in the external 
circuit. Th(; less the resistaiu'c of the outer circuit, the 
greatei’ will be the How of current and the greater the drop in 
the E.M.F. of the battery. 

The natuial effect of the grid cunent is to cause the 
variation of grid j)otential about its normal value to be 
asyinmeti'ical. The nc;r;ative })otential attained by the grid 
will be gjeater than the positive potential. Now the anode 
current curve at P is steep and straight, so that ecpial variations 
of grid potential would produce equal variations of anode 
curj-ent. Put since the variations of grid potential are not 
equal, the small i)ositive voltages in the grid will cauj^e only 
small inc.]-(;ases while the large negative voltages will cause 
large decreases. The resultant (;f[ect will be an averagi* 
decrease in the anode current passing through the 'phones for- 
each oscillation. t. 

In our jjrcrious case, the rariaiious of (/rid potential were 
symmetrical hut the curve was not linear : now the curve is 
linear hut the variations of yrid potential iwe not symmetrical. 
Fig. 71 shows graphically the process of detection by means 
of grid currents. The top line shows a group of original 
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oscillations produced by one complete train of damped waves. 
Thosd’ oscillations ,are rectified on the grid as shown by the 

second* line, l^hat 
this takes place 
may easily be 
j) loved by con- 
necting a .pair of 
'jihones in the grid 
('ircuit, when sig- 
nals will l)e heard. 
The f.liird line 
shyws tlie ainjili- 
fied oscillations in 
the auod(* circuit, 
and the fourtli line 
tlu^ average d(v 
c leaser in anoc^e 
'(‘urieiit fo]' (^ach 
oscillation. The 




Fkj. 7J. — Orapliical rc])ros(‘ritali(Hi oJ end 
current rectiticatioii 


telephoiK^s r('sj)ond 
to t ho complete 
wav(^ - train and 
give one click. 


The strength of signals when using this nud.hod of dtitcction 
will dej)end largely on — •' 

(a) tlie slope of the anode cnri tait cui vc^ ; i 

(h) the slope of the grid curi'ent curve. * 
the steeper the anodi*. current curve at^the ]>oint P, the greatcu' 
will be the arnjdificatioii effect and tb(^ r(\sponse in the t.eh‘- 
phones. Moreover, tlie ste(*per the grid current curve the 
greater will be the grid current for a givcui positive voltage on 
the grid ; the ultimate jiositive potential r(;iU'h(‘,d l)y the grid 
due to J-die positive half-c;^’ele will consecjuently be less. 

Grid Current Curves. — The grid currtuit ^airve is of great 
importance when dealing with the action of tlic valve as a 
• detector. The amount of current wliicli passes to the grid 
depends largely on — • 

(a) the, potential of the grid ; 

(If) the structural dimensions, etc., of the electrodes in the 


valve ; 


(c) the potential of the anode ; 

(d) the value of the filament current. 
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Naturally, the greater the positive potential of the <^rid the 
greater will be the grid current. This was seen in FTg. 70. 
Tl^ grid current cAirve is usually of the same general shape as 
th(i anode cui rent c.urve. In the case of a hard valves it usually 
starts v(iry slightly to the left of the grid zero ordinate. The 
reason why it does not start exactly from the zero point is 
because even when the grid is at zero volts it cannot help 
stopping soiiKi of the electrons whicli arc on theii- way to the 
plate or which have Ix^en j)rojec,ted from tlnWilament and would 
normally rectum to it. 

]\Ior(Jo ver, electron s 
are sometimes f^)rce(l 
on to the grid even 
when the lattei- is at 
a negativt^ potential . 

II the grid is of close* 
mesh (in tln^ case of 
a gaiiz(*. grid), niMc 
electrons will be en- 
trap |)ed and the grid 
current at zero volts 
will b(i gj eater. The 
curve APD of 'Fig. 

72 shows the grid 
currents of the oi cM' 
of i microamj). ob- 
tained with a Fitiiich 
hard valve. It, is 
rcallv a greatlv 
magnihed view of th(*, grid (‘urrent aiound the point P in 
Fig. 70. So far we. hav<* considej’ed the grid current as 
commencing at zero grid volts. Although this is approximately 
correct, we have now reached ^a stage wheie y, closer 
investigation cifn b(* undertaken. 

The grid curjent curv<^ APB of Fig. 72 is actually very 
similar to thelowiT bend of the anode- voltage —anode-current 
curve of Fig. 29, which we considered when dealing with the 
rectification obtainabh^ with a two-electrode valve. Let us 
forget for the moment the existenc.e of the anode and just 
consider the rectification whiidi may be obtained in the grid 
circuit. The curve APB of Fig. 72 is concave, and therefore 
practically any adjustment of grid potential between — 1 volt 
and+l volt will cause the increase of grid current for a 



72. -Two ^riil ciirivnt curves drawn on a* 
largo scale. 
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positive half-cycle to exceed the decrease for a negative half- 
cycle. The average effect of a complete oscillation is to 
cause an increase in the normal grid current. Although ^he 
curve is concave o\cr a considerable range, there is one point P 
where there is a pronounced change in curvature, and at this 
point the rei-tification effect will be gjeatest. The bend on 
the cu? v(? APJ^ in this case occurs when the grid voltage is 
Z(To. Quite a different grid voltage might, however, easily 
bring us to the r(‘,( til y iiig bend of a giud current curve. The 
curve CDEK is one on which the bend occurs at --1*5 \'olts. 
If we do not desire to use a potentiometer, the Avhoh; curve 
CDEF may be rnovc'd to the light until it is cut y.t J) by tlui grid 
zero oidinatc. The grid current curve is — 

(a) moved to the right by an increase of anode voltage, and 
(h) moved to the left by an inciease of filament cumiiit. 

It IS therefore a simide matter to move tli(^ curve into a 
position where the b(‘st operating point is ol>l-aiu(‘d by zeiu 
volts on the grid. 

Now that we have shown that there is rec.tiiic'.ation in the 
grid cii'cuit we can sec that positive hall-cycl(‘.s cause* compara- 
tively (though actually small) large giid curieiits which tend 
to damp out the j)()sitive hall-oscillations. Looking now at 
the effec't this will have on the anode current, we see that the 
negative potentials, being the greater, will cause the giciater 
change in the anode current. 

E^ect of Positive Ions on Grid Current Curve.* — The grid 
current curves so far given have been tlujsii obtained with 
hard vacuum tubes. If theie are molumles (d gas inside the 
bulb, the curves obtained are somewhat different. The eh*,C' 
trons as they travel to the anode collide with the izas moh^cules 
and disintegrate them ; the atoms and their free el(*.cti(Uis 
are separated ; the freed electrons join the main sti eam, and 
the rein^ining positive ions are repelled by the anode and 
attracted towards the filament. We have then, in the gasc^ous 
space, both jjositive ions and negative electrons. The, gi id being 
connected to the negative ejid of the filament is at a lower 
potential than the remainder of the filament. ( bnseij uently, 
there will be no tendency for the grid to attract ejections. Jt 
will, however, attract the positive ions since it is negative 
with regard to both anode and filament. A flow of positive 
ions to the grid is equivalent to a grid curi cMit flowing in the 

* This phase of the subject is adrtiirably discussed by Kalph liowri in the 
^Physical Reoku) (see Electrician, October 2(i, ItUl, p. 112). 
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opposite directioTi to tliat taken by an electron "rid ciiTrent. 
In drawin" tbe oriJ current rui-ve we represent this by showing 
th^ portion below the horizontal axis. The portion ACT) 
of the gild current curve A(>Dlii of Fig.* 711 repres*ents the 
flow of positive ions 
to the grid. 

It ^ill be seen 
that the curve rises 
sharply in the 
neighbourhood of 
zero potential. This 
is because eh'ct/ons 
are now beginning 
to flow to the grid 
and are comriKuicing 
to iieutralis(> the 
flow of positive 
ions. This flow nf 
elec.trons coninieiiecvs just befon^ zero volts and increases rapidly 
as the grid becomes jXKsitive. At. 1) the flow of electrons coni- 
])le1cly ncutrali.''es the flow ol ])ositive ions to the grid, and 
the grid current ])econies zero. The grid current at any point 
along the curve* A(fl) is equal to the algelu'aic sum of the 
positive ions and in^gative electrons that strike it. If tlie 
negative f)otential di the grid be ineT<\ased, the ]»ositive ionic 
cuT'KUit becomes great (U* and roaches a saturation value at C, 
after which poiift; the grid current gradually lessens until at A 
no ions of (*ither sign strike the grid.* 

If we increase the anode voltage, the velocity of the electrons 
will iiipiease and a larger number of gas molecules will be 
ionised. The supply of ions to the grid will therefore be 
grivater, and we notice an increase in tJu* })ositive grid current. 
Tills is shown by the FGII curve of Fjg. 7:1, Avliich is obtained by 
using 40 volts oTi the anode. At the same time, tlie increased 
voltage on t he. anode has a greater tendency to decrease the elec- 
tron grid c.urrent since it is more callable of di awing up the elec-* 
trons through thcsp&cesintli(\grid and jueveritingtheiii striking 
the wires. The first effect causes the grid (uiricut curve 
to be lowc'.r a.iid the second eifect shifts the curve to the right. 

* 111 is int-iTi'stiii^ to tluil a portion nt the grid <;urrent curve 

AO, rO, of Fig. 73) shows a nnjuhrc n tti-siamr. Thi^ proju-rty (explained 
mon^ fully later) enables tsont uiiious osi'illations to be produced in a grid 
oseillatoi’v circuit. See the arrangement of \V. C. White (of (I.E.O. (U.S.A.) 
shown in British Patent 14S13] (June 3/lS). 



Fin. 73. (bid curient ciir\es> ol sott valves 
shovMiig presence oi riositivc ions. 
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If we increase the filament current* the number of electrons 
available is made «’^oater and there is a correspondingly greater 
tendency for them to strike the grid. The gYid current 
above the line is theiefore increased. The gi id (‘.urrent below 
the line, however, is somewhat decreased as shown in Fig. 74. 

This, Kalph Bown 
has sugges4.ed, is 
because of the 
favourable (iondi- 
tions for an in- 
cr(^as(‘d rat(i (*f 
recvmbiriatioii of 
positive ions and 
electrons conse- 
({uent on the in- 
cieased number of 
(Oectrons which 
ijome out from th(^ 
filament, execute a 
limited low-velocity (light between filament and grid, and 
then return to the filament. It will be recalled that dis- 
associated gas molecules do not normally ri^cornbine. on 
account of the high velocity of the c.orriponent electrons 
and positive ions. 

The effect, then, of increasing the filfinumt current is to 
shift the grid (uurent curve to th(‘. left and also, when aiK)de 
voltages are low, to raise it vertically. A\b thus see that we 
can easily arrange the best rectifying kemd of the grid current 
curve to occui- at zcto gi id volts, as has bcuui dom^ in the case 
of the KLM curve of Fig. 7‘>. We can then dispense, with a 
potentiometer. 

Fig. 75 shows the lower jiart of th(*. grid cuirre-nt curve of a 
hard v^Jve. This valve jvas able t(» stand (iOO volts on the 
plate without visibh^ sign of ionisation, and it will be seen 
that there undoubtedly weie positive ions in the tub(i since 
*the grid current curve goes below tlui line.* 

This suggested the use of the grid current curve as an 
indication of the hardness or otheiwise of a vac uum tube. A 
voltage equal to that normally in use could be pla(;ed on the 
anode and the minimum positive grid current measured by a 



Fjg. 74.— Ellcot )f iilamciil CMimjiit oil grid 
rent curvi*. 


♦ Thi« ‘‘reverae ” grid current is sonictiices called “ backlash.’’ 
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microaminoter. This positive ^rid current would be a measure 
of the softness of the valve. For exarnpla, it was found by 
the^author that, in the case of a certain valve in whi(;li the 
pressure inside was varied, when the positive <rrid *current 
exceeded 0*25 mici'oanip., the tul)e was unsuitable for use 
with hii^h anode 
voltages as are 
used in valve 
transmissions This 
test is mu(*.h nioni 
reliables than the 
onci in which hu;h 
nei»ativ(‘ potentials 
are , 1*1 veil to the 
anode and the posi- 
tive anode current, 
if any, is measured. 

In th(i ]att(M' test* 
there is no allow- 
ance niade loi 7*^.— portion of grid CMiTToiil curve of 
ionisation liy (*ol- a r<*lativelv Hard vacuum IuIh*. 

lision. The positive 

<>rid cui*r(Mit of Fi^'. 75 is very small and justifies us in using 
the term “ hare’ ' in r<d‘ere!nce to the valve. 

Tile stiuctural dinH‘nsioiis of the vacuum tube will largely 
affect the grid currcMits. If the giid consists of a cylinder of 
wirc^ gauze, the amount 4 )f grid current takcni by the grid wilf 
inci’easc as the mesh becomes smaller. The diameter of the 
wires constituting the* grid will also affect the grid current, 
wliich w*ill liave a greatei* value when the diameter is large. 
The close?' the grid to the filament, the more current will flow 
t/o the grid, since the velocity of the electrons is small ajid the 
grid would also ^oll(*,ct many of those “ wasted ’’ electrons 
wliich only nuike shoi t lliglits. 

The potential of the anode has a ve?T impoi'tant bearing on • 
the electron current .to the grid. We saw this in the few 
remaj’ks made on soft valves. Fig. 7(5 shows the effect 
giaphically. Various voltages are put on the anode and the 
grid current measuied for different positive grid potentials. The 
curves are on such a large scale that the lowei' })oi’tions are not 
shown very well. It will be seen, however, that a decrease of 
anode potential makes it very much easier for th« grid to draw 
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electrons to itself. An increase of anode current lessens the 
current to the grid. The increased force of attraction now 
exercised by the plate causes the electi’ons in the neighbour- 
hood oi the grid to have a greater tendency to be drawn 
between the wij’es out to the anode and a lesser tendency to 



strike the grid. The 
curve is nii)ved to 
the left as we de- 
crease tli(‘ anode 
voltage. It will be 
seen that at lb 
voljs on the 82 ’b- 
volt curve the grid 
current becomes 
almost saturated. 
It will be found 
that. wh(*n tlie grid 
current b(‘conies 
saturated the anode 
cnrrcMit has also 
reached the same 
state. Th(i grid has 
Jiow assisted the 
anode to diaw up 
all the electrons 
fiom the neigh bo u I'- 
ll tiod of tlie fila- 
ment and at the 


t^JG. 76. — -Sliowinf; ctfoct of anode voltage on 
grid eurieiit. 


same t-irrii* has 
(;oll(Ht(‘d over half 




a milliarnpere itsedf. All the electrons emitt-ed aie now 
cither going to the anode or to the grid. A fintJnn' increase 
of grid potential will now (^ause a slight iiicreasi^ of gi'id 
current, but at the (expense of the anode ciiu ent, which drops, 
since electrons are being side-tracked to tin* grid. As w(i 
keep on increasing the grid potential the giid curient rises 
very slowly and the anode current very i gradually falls. The 
sum of the grid and anode currents at any moment past 
saturation will always be the same and will lepiesent the 
total electron emission from the filament. These eflects are 


well illustrated by Fig. 77. 

The effect of increasing the filament current is to provide 
a large quantity of available) electrons. A great many more 
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will therefore "o to thc'giid for a f^iven positive potential on 
that electrode. By continually increasing the tenipdlature 
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GRID VOLTAGE 


Tkj. 77. — -Showing liow ;niodc current dceref^sos after saturation point. 


of the filaioeiit the c-urrent would keep on rising until a 
spae(^-chargc limita- 
tion effect sets in. 

But apart from this, 
the grid is likely to 
collect many of 
the unwanted u ii- 
em pi o yed elec t r ( ms 
which have l)i‘.en 
emitted from the 
filament, but only^ 
normally go for a 
short tlight bej’ore 
returning to their 
place of origin. Fig. 

78 shows a set of 
grid (*in*rent curves 
obtained by in- 
creasing the ])otentiaI 
across the lilainf*n( 
to 4*5 volts. It will 
be seen that for 
given grid and anode 
potentials, the grid* 
current is considei- 
ably higher than 
was the case when the filament curjent was les.< (Fig. 70). 
This point perhaps is more clearly illustrated by the curve 

1 



Fu!. 7S. — (hid cunvMl cii' vt's to be conijuired 
to those cl Fm. 7(). 
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of Fig. 79, which shows the variation* of grid current in inilli- 
amps/ with lllaniCint voltage, the grid potential being kept 
constant at {10 volts and the anode at v^olts. The 

curve rises, showing tliat 
the rid cui'rent increases 
witl the temperature of 
"I the lilanient. ^ 

0 6 Another Rectif smg Cir- 

cuit. —The circuit of Fig 

a iCRlD POTINTIAL' ^0 luis b(‘(m us(^d with 

v(M-v git^at success by the 

^0 3 __1 author, and its simjdicity 

I will ap])eal to i!iauy. As 

will b(* seen, the ])()teiitial 

oi'i I of the grid may be varied 

j ^ from z(‘ro i.o -|-E volts, 

^0 ^ 45 wh(u*e F is tlu; voltage 

VOLTS ACROSS RLAMENT , ,, 1,1 

oi tlui battery 1>, by 

Fjc. 7JL— Eflirt <)1 v.irvMii<r (ilaineiil moving th(‘, sliding COll- 

c cuiToiit on jjji h 1 cunent. ^ i. i • ^ 

^ tact along a lesjstanc-e 

coil K connected across the lilanu^nt. The anode circuit 


-i- i j U 

4a 45 

VOLTS ACROSS RLAMENT 

Fjc. t <)1 v.irvin<r (i lament 

c current onjjjiul eurient. 


includes the telephones T. ))ut th(*re is Jio anode*, batteiy. 
The anode, however, w'ill be at a j)otential of i E volts al)ove 



till* negative end of 
the filament ajid cou- 
seipiently a sjnall 
anode currejjt will 1)0 
established. The l)at- 
tery I> is arranged to 
h(*at tlie lilament K 
U) a high temptuaturti 
so that the (dectron 
emission is co])ious. 
This-, fact, combined 



“ with the very low 

Fu^^ 80 . -Siniple Hiceivingr cireiiit eini.loyingr potential, en- 

^rid current mtilication (J. Scott- laggjirt). ^ 

.^pres a large grid 
current when the positive half-cycles of incoming oscillfxtions 
tend to give the grid a positive pottuitial. Tlu^ jiositive 
haK-cyclcs arc therefore clTectively damjiod out if the grid 
potential be adjusted, by means of the jiotentiomcter, to 
the rectifying bend on the grid-current curve. The grid- 
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potential— anode-cuiTcnf curve is certainlj'' not very steep 
and so the amplification effect is not as ^i^reat as it Tni,i»lit 
be,^but thft rectification effect far more than compensates 
for tins, and very loud signals have bc^n obtain^jd with 
this arrangement. The higher the t(imperature of the fila- 
ment, the louder do the signals become. The grid potential 
was usually about +4 volts and the voltage of B was 
normally G volts. Very good results have been obtained with 
the French or R type valve. The results obtained were 
almost too good to be explained in tlu^ ordinary way.* 

Combination of Rectifying Effects.— There is no doubt that 
frequently signals are obtained by a combination of rectifying 
effects. Suppose, for ex- 
ample, that we ai e working 
the. valve under tlu^ con- 
ditions shown in Fig. 81. 

The circuit used is suj)- 
posed to be similar^ to that 
of Fig. G8. The grid ])o- 
tential is therefore zero 
volts, and th(‘. lilament 
cuiTent has been adjusted 
to the value which brings 
the initial point of satura- 
tion J on to the grid zero 
ordiuate. Now, the very 
good notification* obtained 
can be attributed to the 
asymmetry of the 
current curve at .1. There 
is, however, another factor 
involved. When the positive half-cycdes of incoming oscilla- 
tions make the rcqiiesentative point travel to the right ot J, 
a grid current is» set up. The grkf current curve is shown 
in the figure. If the grid-current curve starts at 0 (zero 
volts) or if the bend occuis on the grid zero oi dinate, full positj v(^ 
potentials will not bg developed on the grid. C^^onsequeutly, 
the positive variation of grid potential will be less than the 
negative variation. For this reason alone, the increast^s of 
anode current would be less than the decreases, even if the 
anode cuirent curve ALJ went straight up to K. But the 
* Tho eifccjt in.ay bt3 due to the action described in the footnote on j). 108 . 



anode combined rectilicatiuu 

ertects acting m the Si\mc diiectioii at 
(he initial saturation point. 
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increases are already loss than the decreases since the curve 
leans ‘over towards^ F. The two rectification eficcts therefore 
combme and act in the same db cction. 

Another case Adhere both effe(*.ts are noticeable is illusti ated 
by Fi^. 82. The operating point is now at 0 on a ciii’ve ABCJ F. 

It will be noticed that the 
curve leans over\ to the 
right after it has passed 
C. Now we might at first 
expect the curve to go 
straight on as shown b}' 
the dotted^ line. The point 
C would then be on the 
steep straight portion. Why 
should it suddenly lean 
over ? Jt did not lean 
over when the curve Wv4.s 
situated completely to th(^ 
left of the grid zero ordinate 
(Fig. The reason, after 



GRID voltage 


Fia. 82. — Sh(AviTig how thf j*lat(‘ cuiTc-nt a little thought, becomes 
curve loans m.rt. th.. r.^ht <,1 ll.e Affrer WO luiVC passed 

the poiifb 0 the grid lie- 
comes positive and the giid current ra[udly rises. Electrons 
are diverted to the grid and the anode current naturally sulfei s. 
The gradient of the CJ portion of the curve is therefore less 
than that of the BC poi tion. We can pro\*e that the reason 
suggested is the correct one })y adding togetliei’ the grid and 
anode currents for various positive grid potentials and j)lotting 
the result — as CDE in Fig. 82, The curve A J^CDE is the soit 
of curve obtained to the left of the grid zero ordinate ; tlicrc is 
no bend at C on it. As tilings are, howev(ii', the^(^ is a bend 
at C Qn our AB(MF curve, and this bend alone would cause 
an average decrease in anode eurnnit for a cH)ni])lete incoming 
oscillation. Now, since the grid current curvi^ bends in 
the neighbourhood of 0 the j)ositiv(‘, lialf-oseillations ar(‘- 
partially damped out, and we therefore once moie get two 
rectification efhicts, one due to the asymnujtry of the anode 
current curve and the other due to th(i asymimd/ry of the 
variation of grid potential, acting in unison. The b(jst results 
are obtained when both effects ari^ most marked ; that is, 
when the anode voltagi*, is low, the filament current high, 
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and consequently the value of the p[rid current great, • This 
no doubt helps to explain the efiicieney of the Fig. 80 circuit. 

Jhe two*rectifi cation effects do not always help eagh •other. 
Fig. 83 shows us using the valve at C, which is now lower than 
the halfway point. It is a point where the curve would 
nornially bo concave and be of the shape ABCD, D being the 
begiriniftg of the steep straight portion. The grid current, 
however, pulls the curve dowui into the position ABCJ, the 
curve at (J being now* practically straiglit.* The rectification 



Eiu 83. — neciilical ion oIUk ts 
acliiiix ill n])]K)si1 ion. 



Fig. 84. — lU'otification due to 
grid currrnfK direetly o])- 
])osing roc.iiljcatioii due to 
iisyinTnetry of plate curve. 


now obtained is fflinost solely that due to the damping of the 
positive half-oscillations* 

As we go still lower down on the curve the two rectification 
efi‘(»cts inav act in opposition and completely neutralise each 
other, ^ig. 84 show%s a ease wdiere this hapj^ens. The operating 
^point C' is now on the lower bend of the anode current curve, 
which under ordinal}' circumstance^ would be of the, shape 
ABCD. The grit? current OG, however, pulls the curve down 
into the po.sit ion A BCE. Even so, there is a bend at (/, and a 
(*om[)lete oscillation WTudd tend to cause a mean nicrease 
in the plate (mnent.. Another effect of the grid current OG 
is to f.(md to damp out tlie positive half-cycle. The positive 
variation of giid jiotcntial will therefore be less than the 
negative varifition. A condition may easily be imagined 
when the asymmetrical variations of grid potentials cause 
c(jual increases and decreases in the value of the anode 
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current. There will, therefore, be no I’ectification but a 
certain amplilicatibn. 

will suniniuii ise the above facts by saying that the signals 
obtained on a circuit such as that in Fig. (>8 arc jnoportional to 
the algebraic sum of the rectification obtained by utilising the 
non-linear characteristics of the anode current curve and that 
obtained by taking advantage of the efl'ects of grid currents. 

Cumulative Rectification by Grid Condenser. — One of tin* 
earliest methods of obtaining rectification, and one which holds 



Enj 85. — Sliowin" use of grid condcnscM- fot runiulativc reel ilicalioii 

a N’cj v prominent. ])1ac(^ to-day, is that which uses a small 
condenser in the grid (dreuit. This arranginnent was (un|)loycd 
by Lee de Forest, who used it with liis ‘‘ aiidion " vacuum 
tube. Th(^ explanation of its action has^lKHMi giv(‘n by E. H. 
Armstrong.* 

. Fig. 85 shows th(^ ariangement as uSed. The circuit 
differs from the Fig. (18 circuit in ^'that a condenser is 
employed. The action of the condenser is bi*ielly as 
follows : When trains of dam]>ed wav(‘s are heing received, 
the oscillations in the closed circuit L2C 2 uiake the grid potential 
alternately iiositive and negative with I’esjiect to the filament. 
The cimdenser C3 simjily acts as a resistance (of the order of 
about 1000 ohms) tow^ards the high-fie(ju(riicy currents and 
the grid potential varies in time with the poti^ntial across (k,. 

' The (iondenser ('3 will not, however, allow the jiassage of 
direct ciu reiit, so that clearly there will no curnmi flowing 
in th(^ grid circuit. The grid will go on colh^cting electrons 
which strik(‘ it until it reaches a sufficient lioteutial to repel 
fTirthor electrons. This jiotential is usually in the neiglibour- 

♦ E. IT. Armstrong, 7Voc. Scjitoiidwr, ]015. See also Langmuir 

in BritiHh Patent 147148 (Get. 29/1.*}). 
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hood of zero volts. Wficn, however, the positive half-oscilla- 
tion affects the f^rid, the })otential of th» latter rises *abovc 
th^t of a portion of the filament * and electrons immediately 
commence to flow to the ^rid. They cannot escape from 
the ^rid since the condenser docks the way. They 
tln^refore charge nj) the arid and the side of the condenses* 
C3 connected to the ^oid. The result is that althonjjjh the ^rid 
potential rises somewhat above zero the normal potential 
of the ^rk] at the end of the positive half-oscillati(»n is less 
than it was at the beiiinnin^. If were the potential of the 
urid before si<Tnals. were I'cceived (in our case aLoiit zero volts) 
and E the drog in voltage due to the flr)w of electrons, the 
potential of the. i»ri(l at the end of the j)ositivc half-oscillation 
would be Eg—E. The negative half-oscillation now comes 
alonijr and adds its neuative charge to the potential already 
existing' on the i>;rid. If its ani})litudc is c volts, the ^rid drops 
to Eg -E — c volts. The process is repeat.ed and the ^^id 
])otential rapidly ftills. At the (jnd of the train the grid has 
l)ecom(^ considerably neuative and the anode currer^J; has 
corres])ondingly decr('.ast‘,d . 

Use of Grid Leak. — The grid and the grid^side of the con- 
denser is now charged with electrons. If the vacuum tube 
is soft, as was the cas(^ in the audion originally used, these 
(^Ic.ctr’ons ar(‘. nesutralised gradually by the positive ions in the 
tube, and the pottMil^al of tli(^ grid returns to its normal value 
Eg ill time foi- the next wave train. It must be remembered 
that the intervaf lietween groups of oscillations is large con^- 
jian^d 1,0 th(^ actual (kiration of the group. If the spark 
freijuency of a station transmitting 011 a wavcvlength of 000 
meties js 1000 the interval between groups of '24 oscillations 
(0-02 d(*,c,i’ement) will be about 20 times greater than the 
duration of each grou]). There is consciquently plenty of time 
for tfie charge on tlu^ grid to leak ^way before the approach 
of the next set of oscillations. 

In tli(^ cas(^ of liai'd valves, there are practically no po^sitive 
ions in the tube, and so the charge on the gi id cannot leak* 
away. To |■eme(ly tliis, we use a gi’id leak " of two, thi(‘e 
or four megohms which is connected across the grid condenser, 
as shown in Fig. 80 . At the end of a wave tiain the charge 
on the grid leaks awav gradually through the resistance Bo 

* This is whrii wi^ assuiiu' lliat the ijrid current eoiniiveiices to How when 
the grid is at zero voltage. 
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iiHti] the "rid rosunies its normal potential. The resistance 
Ro should 1)0 of si*;^h a AT^alne as to allow the charge on G to 
leak awa^y corn})leto]y y//.s7. before the next ^roiip of oseillari^ns 
(*omnien('(\s. The. anode current will then be kept decreased 
for quite a e-onsiderabh^ time, much longer than the duration 
of the wav(» train, and the re.spr)nse in the telephones T will be 
correspond iniily "reator. Another r(‘ason for the use (rf a iifi'id 
leak is that il it were absent., atmospherics or very strong 



signals would paralyse the vacuum tube by giving the grid a 
very high negative potential. 

The most suitable value for H 2 d(q)end on : 

(a) The hardness of tlie tulx* in us^\ The Ijaider the 
valve the greater will Ro require to l)e. , 

(h] The danij)ing of the oscillations. The’iess the dami)ing 
(the greater the number of oajillations in one grouj)), 
the low^er will havf^ t.o be the grid ](;ak resistancci. 

The grouj) freqmmcy. If this is high the resistance 
R 2 will re(|nire to be smaller. 

(rJ) The w^ave-](‘ngth receivcul. ]f the wa\'(‘s rcc.(‘iv(‘-d arc*- 
long the duration of a group of oscillations will be 
greater, and conse(|U(Uitly R 2 should be*, smaller. . 

(e) The capacity of the gi*id condcns(‘r. TJie resistance 
of the leak should be higher than the reac.tance of 
the condense^*, since the oscilla-tions are intended to 
pass through th(i condenser. It is imj)ossible to 
lay down a d(^linite\’aluci for tlu^ grid leak, but 1 or 2 
million ohms (megohms) is usually suitable for a 
liard valve. The lesistance may consist of pcmcal 
lines drawn on (honite, special forms of conducting 
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glass, platinised glass, liquids, weak solutions of 
salts ill tubes, Indian ink lines ow paper, carbonis(*d 
• cellulose,* and other devices. ^ • 

The value of (.Vj should be small in oi det* tliat small accumu- 
lations of (electrons may charge it to a liigh potential. Jf it 
is too small, however, it will not pass the high-ftequ('ncy 
E.M.K. V A suitable^ value is OOOOIl mid. In many diagrams 
the oomhmser is shown variable, but this appeals a somewhat 
unnecessary elaboi-ation. The n'-ac-tance ol llie grid condenser, 

or its j-esistanco t-o alternating currents equals , where 

^ . 277/C 

7T — IVHH), /- fifMpiency of alt(‘rnating or oscillating currents, 
and c the (aj.])acity of the condenser in fftrads. The 
react-anc.e of a grid condenser of Q-OOtK] nifd. capacity to 
signals of 1000 metnj wave hmgth could be : 


1 iX 1.000.000 10 

27r7c~(‘>-28 000,000 /.OOOoTi 0(r>0 


1800 ohms. apj)rox. 


This value should be less than th(‘. normal resistanc(‘ ojj the 
valve between filament and grid (which is usually 250,000 
ohms, but varies greatly). The capacity of. the condenser 
should be much 


greater than the 
capacity of the grid. 
In valves of tln^ 
h're,n«li or II typ(‘S, 
the grid capaefty 
has been given as 
a p }) r o X i m a t e 1 v 
OOtHKOT) mid. 

Tiieresistiuice \i., 
may, if desired, be 



coimectod (lirer.tly An„U.«- ol u.».m,h..T«.k. 

across giid and fifli- 

ment as shown by Fig. 87. This connection is sometimes 


preferable under certain conditions. It will, of course, cause 
damping of the oscilkitorv circuit. The arrangement of hig. 
87 is verv suitable if w'e desire to use a (^oiuhniser and still 


be able to vary the grid potential. The necessary voltage is 
given the grid by connecting a potentiometer or battery in 


* The lalk'.r ill the form of tho lialf-hakod tilaiiu'iit of a ( arboii laiiqi. 
This is the iiioal reliable grid leak. 8ee iS. R. Milliard's British Patent 131057. 
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series with Ro. The same effect may also be obtained by 
connecting: an impedance coil in the place of E2, such as an 
air or iron-core choke Such a choke may also be used in 
series with the hii>h resistance to lessen the damping' effect. . 

The leak effect from the grid will always to a certain 
extent lessen the sensitiveness of the valve. Not only does 
the leak allow the el(‘(*trons to escape, after the wave- irain lias 
jiassed, but it is allowing them to leak away all the tmwi Of 
course, we arrangh to liave th(^ grid l(‘ak resistance high enough 
to make the leaking away gradual, but nevertheless the grid 
jiotential can uever fall as low as it would liave done without 
the leak. This is more true when the dam,ning of incoming 
oscillations is small *.and the grid resistance has to be less. 
This disadvantage of the leak is gi(‘atly outweighed by the 
advantages attending its use, but it is of interest. 

Experimental Study of Effect of Grid Condenser. — Hy using 
a circuit similar to thal of Fig. 88 and connecting a condenser. 



Fi(j. 8S,--KxjH>riin( iitaJ nrciiil for sliidyiii" vacijuni tiilK* rcctiljcjitioii 

which may be shorted by a switch in tlu^ grid circuit, 
we can study some of the effects of using a grid cdjjdensei*. 
Thecircuit X is used as the transmitting station, and cojisistsof 
an inciiKJtance Lj and variable condenser (.'j conneebid across 
the make-and-break of a buzzer. This ‘lijcuit is hiosely 
coupled to the closed r(*.ceiving circuit 2 tuned to it. 
It is preferable to use an actual transmitting station some dis- 
tance away, but the aitificial transmittc'j; X may be used with 
success. The microammeter measures the grid current. 
C3 is a variable condenser which may be shorted by S|. 83 

and P enable the voltage of the grid to be varied when C3 is 
shorted. Aj measures the aiu)dc current in rnilliamperes 11 is 
* As when we use retroactive amplification. 
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a vai’iablo anode battery, and T is tlie telephone receive;*. 
and V 2 measure the anode and ^rid potentials respectively. 

•By makftio a sei i(\s of observations with^this circuit, noting 
the gjid, anode, and filament currents for the adjustments 
which give the loudest signals, all the explanations which have 
been given so far may be tested. 

\Vh«n the blocking cond(»nser is in use, no current can 
flow* through it. The grid then will automatically take up 
the })otential at which the grid cuj*rent is ze5’o. In the case of 
a soft valve the grid will jirobably be struck by moi’e positive 
ions than electrons, and \i. will, therefore, become positively 
charged. After, a time the grid and the grid side of the 
condenser C;j will reach a f)ositive j)ot(intial sufficient to repel 
any more jiositive ions. Although it is not convenient to 
measure the grid voltage we can note tlie value of tlu* anode 
current. AVe find it, say, to be 0*92 milliamp. We can now 
lind what the potential of the grid was hy shorting the grid 
condenser and varying the steady potential on the grid by 
iTK'ans of the potentiometer until the anode current registers 
0*92 milliamp. The voltage of the grid as given by A\. will 
obviously e(]ual tbe potential assumed by the grid when it is 
isolated by the condenser It tli(‘ voltage of Vo necessary 
to mak(‘ tin* anode current the same as wdien Sj is open be -f-1 
volt, the grid jioteiitial when tin* condenser is used will be 
-f-J volt. On account of the ])ositi\*e ionisation, the use of 
a cjrtndenser generally causes the grid to assume a small 
])()sitive potential. The reverse is the f;as(* when the vacuum 
tube is hard, as is usuaffy the case. 

The fact, that the grid, when a condenser is used, assiinuvs 
a potenjtial at which the grid current would be zero if the 
(;ondensei‘ were absent, may bci easily proved experiment ally. 
Draw two ciu’ves, one showing the anode current and the other 
the gj'id current for diffej*(*nt values (^f grid potential, obtained 
with a soft valve on the Fig. 88 circuit with grid condenser 
shorted. Two such curves are given in Fig. 89. It will be 
noticed that at +1 volt (point d) the grid current is zero and* 
the anode curj’ent (puint D) is 0*92 milliamj). Now oj)eii tin* 
switch 8j, tluiroby bringing the grid condenser into operation. 
It will be found that the plate cunent wdll settle down to ap- 
proximat(‘Iy the \*alne 0*92 milliamp., indicating that the grid 
I>otential is 4 1 volt, the value which gave a zero giid current. 

If the valve in use is hard, opening the switch Sj will 
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catiso ta (Iroj) in anode current as compared to the current when 
th(^ ^id is at zero v<)lts. This is because negative electrons only 
(or mostly) are beinii; foi*ced on to the i^rid which Collects tbcm 
until it reaches a potential capable of prcwentinir any more 

coming to it. This 
p()t(intial may be as 
much as — 1*5 volts, 
and by notiui; the»irop 
of anode current and 
d]f>ppinn a perpcmdicu- 
la.r line from the repre- 
sentative point to t!ie 
i;rid voltaue. axis, we 
(van say at what potcm- 
tial the current to the 
^rid really commences, 
in some valve, s, esjx;- 
ciahv those with fine 
meshed giids, the in- 
sertion of a grid con- 
d(‘,nser (without leak) 
will almost or out irely 
cut off the a.node cur- 
rent chiefly on account 
of the high negativcj 
Fio. 81). —To illijstFJiic mctliod of fimliiio potential attained bv 
polciitijil r»f ^;ri(l wli(‘Ti a j^rid ooiKli-naci 7i «• t 
* IS us(.-(l. 

• Fig. 1)0 shows a 
tyj)ical grid-cuiT(mt curve akirfc obtained with a hard vaccum 
tub(‘ possessing only a few positive ions which caus(^ thg portion 
of the curve ahc to be below’ the grid voltage axis. The c,orre- 
sponding anode-current curve AB(T)E is shown just abovtg 
the p(,unts A. B, T)^ E indicating the anode currents 
corresponding to the grid currents a, 6, c, V, c. Whfm the 
grid js at zero volts, the i'(^ 2 >resentative point, is at U on the 
anod(^ curve and d on the grid curve. Electrons arc being 
forced on the gjid and produce a grii currcuit (usually of 
the ord(u* of 1 microampeie) . Withaninsufliciently delicate giid 
galvanometer, th(i grid current might appear to start at 0 (zero 
volts). When the switch Si is opened and th(^ grid condenser 
brought into action, the anode current immediately drops to 
C and the grid current becomes zero (at c) at about —0*75 
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volts. If the key K of tTie transmitter X be depressed sjonals 
will be hoard in the telephones T, and oiii* ©peratin^ point will 
be c on the i^ id current curve and (■ on the anode cun*ent furvc. 
There will clearly 


be rectification at 
the point c and 
during ^each group 
of (i^cillatioiis the 
grid will collect 
electrons at each 
positive half-cycle 
and the cumulative 
eli'ect will result in 
th(5 operating point 
moving from c 
along the grid curve 
tc) wards 6. As the 
grid has becoiiK? 
more negative, th(^ 
anode current has 
been dropping in 
unison. The repre- 
sentative point, has 
been moving from 
(' down to>vards Ih 
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Fkj. 90. — Showinj? normal iiosiativi' gnd potential 
vIkti grid coikIoiisci it usc(J witli a hard valve. 


The ^steeper we (^an make the anode curve Ix^tween C and 1> 
the grCfater will be the elhot of the drop in grid potential^ 
and the louder will be the signals in T. 

Effect of Grid Leak on Normal Grid Potential.- It may easily 
happen that the best rectifying point on th(', gi‘id (“urrent 
curve is not coincident with the point wdi(M*(» the grid cuii’ent 
is zero. A case is shown in Fig. 91 which gives curves for a 
very well evacuated tube ; ther(i is yo part of the grid curve 
below the grid poffential axis. The normal operating points if 
a grid condenser vriM’e used would be c and V. Xow the^grid 
ciuTcnt at c is zero, but the curve is only gradual . At d, however, 
there is a distinctive bend, which would give mu(*h better recti- 
fication than the adjustment c. How are we to give the grid a 
potential of - 0*3 volt to bring us to the point d ? A potentio- 
meter cannot be coimectcHl across the grid condensej-, because 
the accumulative eflect of the latter would be lost. A method 
which is practical, however, is to connect a high resistance 
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across the condenser. Tliis will allow some of the electrons 
on the grid to leak, away and the negative potential of the gi-id 
will become less ; more electrons will, of course, begin to fjow 
again to the gi*id from the filament, since the repulsion of the 
grid is now no longe]- suflicient to ke(‘j> thcMii away : an equili- 
brium potential will be established whose value may be regu- 
lated to any desired voltage by vaj'ying tin' g]*id leak jesistajice. 
If the resistance is inlinitely high, the potential of the., grid 

will drop to a n(jgativ(j* 
value corres])onding to 
c. If it be made zen; — 
ecpiivalent to shorting 
the condenser — the grid 
potential will be zero, 
(‘orresponding to the 
grid (‘.urrei]t v. ljit(*,r- 
rnediate values of the 
resistance will give in- 
termed iat(i grid poten- 
tials. We have here, 
then, another us(^ for 
the grid leak. 

The rectifying bend 
the giid cunent 



on 


Eio. 91 . — (ii jd and amah’ cuirciit cju vcs 
of Vfry liar'd vaciiuiii tnl»c. 


cm ve sometimes corre- 
sponds to a ])ositive 
grid jKittnitial. In this 
«^*ase, best ixisults are 
obtained wdien tlu^ left side of the gj-id c-ondenstn- is con- 
nected thi*ough the oscillatory circuit to th(^ 'jtotiitice side of 
the filament or filament battery. The positive voltage*, of 
the battery is communicated through the leak to the giid. 
This iqxm of (connection is sometimes best (‘.ven when the most 
suitable grid potential is not positive. It is'largiily a question 
of obtaining the most suitable grid potential for the valve in 
use hy balancing the potential on the grid due to tfie accumu- 
lation of electrons ami that due to the potential of the connec- 
tion on the filament battery acting through the leak.* 

Miscellaneous Remarks — Since the gi id, when it has a con- 
denser in series, assumes the potential at which the grid cunent 


* When are being rcrtdvfd, llu* »'rid jMitcnlial is no doubt 

affected to a sinalJ extent in a negative direction by th(5 ]>()tential drop 
across the leak, due to the rectified grid current flowing through it. 
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is zero, a constant value vlieii anode and filament voltage are 
fixed, the actual size of the grid condenser ^oes not aft’et?b the 
normal potential of the giid. This is shown experimentally 
‘on tTie Fig. 88 circuit by gradually increasirtg the capficlty of 
the condenser ( ; the anode current remains steady, indicating 
that the grid ])otential has not altered. What, however, would 
be the result if we suddenly increased the capacity of the grid 
cond(;fiser ? Let us work it out. If the capacity of C 3 is 
normally ()()(K)03 mfd., it will take a ceurtain number of 
electrons on the gi’id to charge it up to a potential which will 
cause the gjid to i(rfus(j any more (dectrons. It takes time for 
these electi ons to c'olh^ct on the grid and charge the condenser. 
It is not an instantaneous j>j*()cess, but may take a second or 
two. If now w(‘ suddenly increase the capa(‘ity to ()‘()003 mfd. 
th(^ available electrons on the grid have to charge a condenser 
of ten tinuw the capacity, and th(i resultant voltages to which 
it charg(vs it is cons(‘(]uently much lower than befoie. The 
voltage to which a C(«idens(u* is charg(id dej)ends on the quantity 
of electricity and the capacity of the condenser : V~Q(\ 

1 11 our case, we have increased the capacity C to ten times i^hile 
keejiing the (luantity of electrons Q the same. The voltage 
V to which t}l(^ (‘ondenser is charged therefoie drops to one- 
tenth its forniei* vakie. The ])otential of the grid will therefore 
drop to one-tenth of its former value. If this is -1 volt the 
result of increasing thai grid capacity suddenly will be to make 
the potential of the grid - 01 volt. The anode current will 
naturally suddenly increase. But this increase will only be 
momentary. W hen the ^po rent ial of the grid is only — O'l* 
volt electrons wdll c-ornmence to How once more to the grid, and 
will continue to How until they have charged the grid (londeiiser 
of 0'0003*mfd. ca 2 )acity to the grid potential (—1 volt) at which 
the electj’on How ceases. The grid potential therefore droj)s 
again to — 1 volt and the anode current falls to its normal 
value. Incieasing* the capacity of The grid condenser by 
turning the handle of the latter suddenly will, thejefore, cause 
a momentary increase of anode (uuTent, and the milliammetcM* 
in the anode circuit wijl give a kick forward. If the condenser 
is only turned slowly, the electrons have time to rush in and 
compensate by theii- additional charge the irunease in capacity, 
and no variation of anode current is noticed. This phenomenon 
explains why, when lii-st switching on the filament current of a 
grid condenser lectifying valve, some seconds frequently 
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elapse before sionals develop to their full strength. The grid 
condenser is being charged up by the How of the <dectrons to 
the grid, and it takesa small interval of time before^ the potential 
reaches^ its cj’itical value. This interval is longer, the greater 
the capacity of the grid condenser. 

Fig. 92 is a circuit which will show a fact fre(]ucnt]y not 
quite undejstood by students. ''Plii^ aj-jaugcunent is self- 
explanatory.* Jf tlie key K be kept steadily depressed, the 
large negative vi Itage of the l)attery B does not cause any» 
drop in the anode (nirient on account of the presence of the 

grid condenser. Jf 
the battei-y B be re- 
versed 1 he anode enr- 
] (*nt still remains at 
the same value as if 
the bat.tei’v' B was 
out of the c'”cuit. 
hOw release the key 
K and not(^ the anode 
(‘urnnit. It does not 
vary if the insula- 
tion of (' is infinite. 
If now w(^ close the key suddehltj^ a j)uls(^tJ.)f potential will be 
transmitted through the condensei' (.’. 11 the nogativ(‘ sid(i of 

B is connected to C, the result of this j)^dse will be to produce 
a momentary migative charge oji the grid, which will c(j,use a 
drop in anode cuT’rent. It must be clearly iMuhustood that the 
battery B does not supply ehx'trons the grid. All it does is 
to cause the ivw. eWetions in the grid and the ])lates oi' C 
connected to the grid to heap u]) on tln^ grid, while the jK)sitive 
ions are left behind. The result is a monujiitary exc,ess of 
negative electricity on the grid. When, howev^cu', the elfcet 
of the sudden ])uls(i is oyer, the heaped-up eh^ctnms distiibute 
themselves ev(udy and neutralise the positive ions, and the 
grid potential returns to zero. The total nunjbei- of (shn-.trons 
on the grid and condenser plates remains identic.al ; it is only 
their distribution that is allected by the j;(;gativ (5 pulseof I^.^I. F. 
The negative half-cycles of incoming wireless waves hav(^ a very 
similar pulse eflect. They do not contribute actual elec.trons 
to the grid, but merely cause it to beciome more negate V(^ by 
heaping up already existing electrons on to the electrode. 

* lu tliifi i*xi>ei imcut the. key S may be Jell open throughout. 



Fig. 9i*. — C ircuit foi stiKlving eileet of grid 
coiideusci. 
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If the positive side of B is connected to C, the revors?^ effect 
is produced. Positive ions are left on thfe .i^rid, the electrons 
heiniLjj heaphd up on the inner sides of the condenser' ])lates 
connected to the orid. The nionientary jmlse of positive 
])ot(^ntial on the i»rid ca.nses a sudden temporary incii’case in 
fOHxle current. Wlnm the effect of the pulse is over tlie 
elect-rows and ions neutralise each other once nioi‘e, but is tlu^ 
jjjrid* jrotential the same as before ? No, Ix^cause the positive 
ions when they werr^ hdt on tlie ^rid attracted electrons which 
collected there. When the. effect of the jnilse is over, theses* 
{‘lectrons remain and uive the i;rid a potential lower than its 
norimal value. #VVe s(m^ this experimentally, bv noticing that 
t lie anode current rejiiistei-ed by the niiliiammeter is lower 
than it was before we i^ave the jj^rid a positive pulse. Here 
then we see actually with our eyes on a lar^e s(‘ale what ^oes 
on -(Ui a very small sc'ah^ and at the rate ]>eiha])s of bOO.OOO 
times p(n' sec.on<l — when oscillations c.ause the i'lid potential 
jiradually i-o di‘o[). 

Demonstration of Grid Condenser Rectifying Action. — 

Developini!: his method of demonstrat-inu the cumulative 
re(‘tifyini;’ action <»iven above, the authoj* devis('Al a more 
e]abora.te arranumne.nt which is shown in Fiii;. 9,‘h B is a 
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hatteiy of, say, 2(f volts : II is u. potent ionn^ter n^sistiince alouL!,’ 
which slides a. contact Z. The potentials obtained an^ meas^ired 
hy a voltmeter V and may Im‘ a])})lied in either diiection hy 
ni(‘ans of the commutator S across tin* left side of (■ and llie 
lilainent. The L;rid conde.nser (' may be shorted, when 
desired by means of Q. The most important |)art of the 
circuit is the key K. It may be an ordinary key, but as the 
spiked of the ‘‘ make allects the pulse and a.s (he speed will 
vary every time on an ojdinaiy key. the kind shown in Fi<»’. 94 is 
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recommended. ABC is a flat, sprinj>jy strip of metal havinf^ a 
silver contact B wliicli iiormallv rests on another contact I). 

An arm EFO is pivoted at F in a vertical suppbrt, the end 
E normally being under tln^ spiing at (). On pressing the 

end ii down, the end C of 
G the spring is rais(ul, the 
1 contact B leaves P, until 
^ on fui*tb(M‘ depressing 0 the 
(^nd E of the ai*m slips oA‘ 
Tnj. 04. Special k(iy for use \vi til 0.4 the spring at (- and the 

action of the latt-er brings 
the contacts B and 13 together sharjily. Any other arrange- 
ment which brings tho contacts together always at the same 
rate may be used. 

If th(i key K be depressed and the circuit BBK tlms closed, 
a potential diflcirence will snddioily arise between the end of the 
resistance R and the sliding contact Z ; this imprdse of L.M.F. 
will b(^ (‘ommniiicated through the condenser C to the grid. 
Its re'ati\'e value may be found by closing Iv and measuring the 
steady jiotential difl'erence across the voltmetei‘ V. It may be 
legulated by moving the sliding contact Z to the required 
jiosition on R. The impulse on tlie grid may be rnadcj positive 
or negative by using the commutator switch Sj. Wlien K is 
open, the grid is connected throngli the c^ondensci', vm 
the voltmeter and resistance RZ to ‘the negative (^iid of 
the filament. Wa can, therefore, m)te th(^ normal aiiod(*. 
cniTCint. When K is open and the grid condenser shorting 
swntch Q is closed, the giid is^" at zero volts. First 
calibrate the resistance R by depressing K steadily and noting 
the voltage given by V when Z is moved along the resistance. 
Whenever we are about to experiment with the (dreuit let us 
close the switch Q for a moment and then open it ; this will 
ensure that the grid is at. its correct normally potential and has 
no additional electrons. 

Let us now proceed with a dtunonstration of the detector 
action of the grid (jondenser. 

()j)en switch K and then Q. Adjust Z to 5 volts and the 
commutatoi’ S to the j)osition shown on the fignire. Note the 
normal anode current given by the inilliarnmeter A ; let its 
value be represented by Iq. Close K suddenly. A pulse of 
-}-5 volts will be communicated through (' to the grid. It will 
cause a momentary increase in the value of the anode current. 



_ _ Id 

y?^///////////^V///-'/7A 



The Vacuum Tube as a Detectob. 


131 


When the effect of the piflse is over, however, the anode current 
settles down to a normal value Ipsfi than its previous noniial 
value Jo. , 

Vet this new value l)e To~ where is the docreaTie. The 
fa(*t that the anode current has decreased indicates that the 
potential of tlie jjfiid has fallen, a fact easilv explained by 
fissurniiu^ that the ^rid has, during tln^ time it was j)ositiv(*, 
attracted and entrap])ed nei»’ativ(‘ ele.ctrons. If the original 
potential of the ^nid \)P. calJ(Hl (a iieoatK^^ value of about 
lialf ii volt usually in the, case of a hard valve), and the fall 
in potential due to the. collection of eleedirons be represented 
by Cy, the no rmaV po- 
tential of the* i'l'id 
alter the positive pulse 
will be E,j — Cj. 

We now propose to 
cfive th(i iijrid pulses of 
a value and sign* to 
correspond to the oscil- 
lations produc.cd by 
one complete train of 
damped waves. Each 
subsijquent half-tycle 
we will consider greater ; 
by a certain amount I 
than, the pr(H*,eding oiui 
until after the maxi- 
mum amplitude is • 
reached, when their 
amplitudes will begin 
to decrease by fixed amounts. This is not exactly true, l)iit 
it will be an approximation to the real state of affairs.* 

We have already given the grid the first positive half-pscilla- 
tion and will now»i)?-oceed to give it a negative pulse. Opeji K, 
ad just Z to iO volts and the commutator S to the position shown 
by the dotted liiuis. Close K suddenly. A momentary negative ' 
potential will bo ])la(i(Hl on tln^ grid. The anode current will 
fall from lo-~'i\ to a lower value, but after the pulse is over, 
will return again to tlie value /o— «i. Tlui grid has not acquired 
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* If Aj, A.J, A-j aro tho amplitudes uf succes.'iive positive lialf-eydcs. 


conditions are actually such that 


A, 

A., 


A, 
A 3 


as shown, for example, in Fig. Do. 
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aiiytJvnft’ but a inoroly temporary charge dno to the negative 
pulse. The iind potential will fall from Bg—C] to Cj— ]0 

volts, .but will return again to the potential Eg-*-ei after ^the 
pulse is over. 

Noav give the grid a pulse of -\-}b volts. The grid will 
lend to lake up a potential of 7?^— rj-| ]5. This potential will 
])robably be positive* and will not reach its full value on account 
of the electrons which wdll flow l.o the grid. At the end the 
])iilse the grid ])of.(*ntial will be ](iss than Ey~ C]. Let it brt 
l epresented by E,,--Ci c^. The normal anode cun cut at the 

sanu* tijiie has dro})ped to a value low^er than /(|— /], which wre 
can call » 

The process may Ixj continued until the normal grid poten- 
tial has fallen to such a. value that the positi^■e half-cycle no 
longer tends to make t he grid positive. There is thei’efore no 
t,(mdeucy for tin*, grid to collect more electrons and its normal 
negative j»otential remains steady until the end of the \.ave- 
traiu. • 

Graphical Representation of Grid Condenser Rectification. — 

The to]) line of Fig. J)() shows a somewdiat tv])ical group 



Fjo. Ua. —Detailed gra]iliiral rejnesejiUilion of cijiiiulat ive rcetHi- 
• (‘.if ion. 


of dampod osoillatioris. The volta^-e aiiijdiliidfi.s of <'a( li lialf- 
cychs ar(! triven on lJi(‘ fi<-iije and aid made Jaif,d to make thi' 
process of rectiheation clearer. The second line sliows the 
effect of these; oscillations on tlie, potential of the grid. The 
line ZV rejnesenfes zero volts on the grid. The line aG is the 
normal grid potential wliich in the case of a hard valve is a 
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negative value and in tlie ease of a soft valve is f recipient! y 
positive. If ever the grid attains a potential higher than a(i, 
it will eollecyt ehicti’ons. . 

The first positive half-cycle will tend* to cause* a slight 
incr(^ase in the pot(‘.ntial of the grid as indicated by b. At the 
end of the positive liaK-cycle the grid will have attracted and 
entrappcul a nunilxu' of electrons which will cause it to assume 
a po4ential below aO. Let us sii])pose that this fall of potential 
is 0*5 volts. The grid jiotential is now at c? A negative half- 
cycle of r4 \olts now (iomes along and causes the grid potential 
to dro]) to d ( 0*5 -1*1 volts — J-9 volts). At K, the 

end of the negative half-cycle, the grid jK^tential will l)e U‘5 
volt, as shown at c on the grid ])otentJai liiKJ. The Jiegativii 
halt-cycle has only caused a temporary chaiigt^ in tin*. ])()tential 
of the grid. Th(‘, second ])ositive half-cycle of | volts 
anj]>litude now atiects the grid, whose potential it tries t(> raise 
to (--0*5-|-2) volts. It rais(\s it above the ad line*, but the 
re, suiting How of elections prevents the grid ])otential rising 
to -|-L*5 volts. At the end U of the second positive^ half- 
cycle th(‘, grid potential will drop still further than at the 
end of the first half-c.ycle. Since tlu^ second positive half 
cycle tries to raise the grid pot(uitial 1*5 times as high as the 
first, we may roiiydy assume that the grid ])()t(Mitial will b(‘. 
1 ow(U‘(k 1 by 1*5 times th(‘. amount.. We can say tlu^n that at 
(J the grid is at ( -0*o — 9*75— 1*25) volts (//). The lu^gative 

half^cycle following causes the grid potential to dro]) to 
(--1*25— 2*8j — — -l'U5 volts (//,). At the beginning of third 

positive half-cycle (^1 tTie grid is bach' again at —1*25 volts. 
This half-cycle (1 volts) causes it to rise to a value a litth*. 
above rdb but at the end of the oscillation the grid assumes 
a potential of — 1*25 -(-I l*25)(()*5) -~ 2'(')2 volts. Tlui 

third negative half-cycle, varies the grid jioteiitial from 

— 2*(>2 volts to 2*()2— - 8*i22 volts (v//) aiuU back 
again to -2*02* \ olts (>t). .Vt the imd of the fourth posi- 
tive half-cycle the grid will be at a poi.imtiaj of 

-2*02 (8 -2*()2)(0*5)--— 5*31 volts (p). The fourth negative ' 

half-cycle will cause tlH^ grid potential to droj) to 

- -5*31- -1 l*d- —10*71 volts (f/) and then to return again to 
the normal value — 5*31 volts (/*). The fifth and largest positive 
half-cycle will attract a large number of electrons and ai the 
completion of the half-cych'. the grid potential will drop to 
-**5*31 -(01— 5*3i)(U*5)=~10*05 volts (/). The following 
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negative lialf-cydo. cuiisefcj the j»rid jiotcntial to drop iroiii 
— 10*65 volts to JO-Or)— 1] *4- - 22*05 volts and to retuni 
a^ain»to — 10*05. , The sixth positive half-c}’ele is ^Jiiialhir than 
the previous one and raises the grid potential from —10*65 to 
— 10*05+8-: -2*05 volts. The grid potential docs not this 
time rise abov<^ the line tfG, and consequently, no electrons 
being diawn to the grid, th<^ ])otential of the latter returns i.o 
—10*05 volts. T1 j( 5 sixth negativ(^ lialf-cych^ causes thc^grid 
])otential to drop to -1 0-05— 5*0= -10‘25 volts, and return 
to —10*05 volts. The seventh ]H>siti\e lialf-cycle raises the 
grid potential from - -J0 G5 volts to - 10*()5-| 4-- - 7*05 volts 
and then returns it i-o —10*05. It is needless to#go furthci*. Once 
the point has be(*,ii jwissed wIkmc the oscillations no longer 
tend to rais(i th(; grid potential above the value at which an 
electron enrrent begins 1o flow, the giid leniains at a steady 
noi’inal potential which ceases to dro]>. Its potential is 
varied above and below this nf^niial ] potential by tjie 
remaining oscillations but the opci*ating potential itself do(‘.s 
not bill. The last few oscillations do not really help the 
l>rocess. In our sjiecial case the steady gn’d j>(>t(intial falls to 
— 10*05 volts and r(miains therci once the fiflli ])ositi\’e oscilla- 
tion has pass(5d. This need not always he tlie case. If we 
had assumed that' the, electrons (l<»\vim: to Hie grid caused th(‘ 
potential of the latter to droj> only a slight amount, th(‘ steady 
grid potiiiitial niight have droj)ped to only 0 volts at th(i end 
of the tilth positive half-cycle, in which case, ^t he sixth positive 
half-cycle of -|-8 volts amplitude would b(‘C(>me effective and 
help on the process. 

We can restate the above facts niorc^ ac^ciirately. JiCt 
us look again at Fig. 90. The normally operating •])oint is 
c on the grid current curve abode. As tlie rectification at c 
proceijds the potential of the grid falls and the o])e]at.ing 
point Tslides back towards 6. A time will come when tlu^ 
positive half oscillations are not large enough to move the 
representative jioint further than c, and perha})S lu t even as 
far. The curve at h is straight and therefore the rectifying 
action ceases and the normal potential ol the grid rcmiains 
steady at a decidedly negative value. 

If the grid condenser were perfectly insulated, the g'id 
potential, as given by Fig. 90, would remain at —10*65 volts 
ndefinitely.* As, however, we desire to adjust the valve to 
Providing there was no leakage in the valve. 
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tbo best operating point before the next train of oscillations 
comes aloni^, we ijs(j a high-resistance le^^k across the grid 
condenser which allows the surplns electrons to leak bg.ck to 
the filament and restores the grid potenlial to its' normal 
value aG. A dotted hne from the end of the oscillations 
to G shows the potential of the grid gj*adnally returning to its 
normal^ value, which should be reached just before the next 
group of oscillations anives. 

The above graphical example must not bfe considered exact, 
it will, however, serve as a rough and ready explanation of 
the phenomenon. 1'he voltages considered are, of course, very 
much higher than those found in actual practice, and have only 
been chosen for ?;he })urj)osc of the explanation. 

oHc.illations. [Ny\/\/V- -V\/\/W-~ 

Variation of z.cwo.wid vocta^. 

grid voltage. 


Magnified 
anode eirciiit 
variations. 

TtRO WLKTl CMimtHT 

Average* 

telejjhoiie _WRnAL.cuqpENT 

(iiireni . 

Eto. 1)7. -(iraphieal n*)ies<*ntation ol eumnlativ(5 ree.tiUealion. 

Audio- and Radio- Frequency Components of the Anode 
Current.— So far Ave have only considered graphically the 
variation of grid potential during a wave-train. The effect of 
tliis fluctuating grid potential on the normal anode current is 
shown in Fig. 97.* The toj) line shows two su(H*essive groups 
of oscillations. The second line shows the effect of these 
oscillations on the potential of the grid; the effect of the# 
grid leak is also shown. The third line shows the amplified 
anode current. variations produced by the varying potentials 
on the grid. It is assumed that the straight steep portion of 
the current anode curve is in use. 

It will be seen that the anode cuiTent is varied in 
two ways. There is a steady drop followed by a return to its 
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Jiofnial viiliio. Tliose dw^reasc^s occ-Yir at (^acli wavi^ train. 
Tlieir*(ill‘cc'.t is to j-ause a click cacli time in t]u‘. tclejdionc 
receivers if tlni latter are iiic-huled in tlie auodi* cii'cnit. 'flic 
anode cifriH^nt is, tlierefore, varied at a low “ audio frecjnency, 
a fre(|iicncy wliieli can In^ lieard in llie telejiliojies. The elfect 
of andio-fretjuencv changes in amuh* (airrcnit on the ‘jihones 
is shown in the fonrtli line of Fi^. 97. ^ 

Th(‘ anod(‘ current is also varied at a “ ladio or Jii^h 
fie(|u(uicy. Wliile its normal valine is st('.adil\^ fallin.i» thi^re are 
hi,i«;h-fre(juency variations on eith(‘r side of this value'. The 
third lijie shows clairlv tin* hii:Ii-ir(‘(|iiejicy A’ariatiojis which 
are suj)erini])osed on the ]ow-fni<jueiicy decrea.ses. 'I’lie 
teh*j)hoJies ar<^ unaJfec ted hy tin^ radio-lre((U(‘ncy chaiiuios of 
ano(l(‘ current whi('li a.ie in tim(‘ with t he incominu oscillatiojis ; 
they only respond to the audiodieijuency vaiiations. The. 
existenci' of tlie nuh(>'Jrr</HnfCff cowjfOKCut vejv ini])ortant. 
and ;j,r(‘.at us(* is made of il. a.s will Ik‘ s(‘e-n lat-in-. So lai it li.-s 
been wasted Its actual form is not (jiiitf*. the same as the 
original oscillations, but it has the same fre(|uency. ON\in^ 
to thf^ I't'.etilication (dlect tlie Jie.i»ative half-cy(‘l(‘.s are Jiioi'Ci 
dove]o])ed than tlie ])ositiv(^ ojjes. Tln^ tail-end oscillations 
in Fiir. 9(i. however, will be perfectly rc'jnoduced siijc(^ tiny 
are ]iot rcn'tiiied.* * • 

Combined Rectification Effects. — Since^ tin', (dlectiveiiess 
of the ^'I’id condensei' ject-ifvini; aj i*a]ii»e,mf.nt d(*pends upon the 
action of grid currents, it is usual to use rathei’ a low(‘.r aiiodc 
voltagii to enable the. grid to attjact elec-.tfons more easily 
when its potential is raised ahove itji normal value. For a 
similar reason, it is usual to use a ratin' r large iilameul cuiTent. 
Th('. effect of these adjustments is usually to cause tin' gjid 
current curvi*. t.o rise, ste.ejdy to tin*, right of its je.clifviinj bend. 

\V(* have, seen that tlni oj>eratijig point. slij)s ba,ckwa.rds to 
the lef{j of the bi'Jid on^tln*. grid currejit curv(‘, during the 
n^eeptioji of a group ol oscillations. At. th*e sauni time the 
I’eprcsentative point on tln^ anode current curve also moves 
• down. In order to get the maximum response in the t(‘lej)hone 
receivers, the })ortion of t.|j<' anode current c.urv(‘. tiav<u*sed by 
the rej)ies(;ntative jioijit should be straiglit and as steep as 
])ossible. The lower bend must be avoided, but for aiiothe]- 

* /J’Ih* S(*j)aiii1(“ audio aud radio fn‘qucii<*y variations of llio anodi* 
currcjil. iniglit alnioM. ];c cojiiTmrfd 1o the do'wii'vvard swoo|) of an ufiopliine 
and th(‘ simuIUimous rotation ol its ju-opdlir. , 
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iiiasoii. J^ot only will tlio roprcsejiiativo point move aloni; 
a curve of smaller ^^Tadiciit as the .<rrid becoiues Jiegative, but 
it wyi move np the steep part of tlu^ ajiode ciu rent curytuvhen 
the ,L»rid potential is raised al)ove its normal vahui, as it is 
to a certain ext(iut (lurini; the first part of e,aeh j^roup of oscilla- 
tions. This additiomil jectifyiiiii, elTt^'t will lessen tliat obtained 
by the Ciimulative action of the ,i*ri(l cojidcuiser. 

The oj)posite result is obtained a.t tlui initial ])(>int of satura- 
tion. Here, we i^et a i»ood lall oi anode ciilrent as the ^rid 
j)otential dro])s, and, inoreovtir, wlum there in n. tendcMicy for 
the ^rid to rise abov(i its normal value, the resultant ris(‘ in am)de 
curnuit is very siyall, since the anod(‘ ciirrt‘,ut curve is b^anim^ 
over to the rii'ht. This adj ustmejit-, then,, if^ very i^ood piovided 
th(‘- values oi iilame.ni. (uirnuit and anode potential aie Jiol. 
ju’ejudicial to n<*<*d ( iirnnlative rtudilication. rjifortunatel} 
they usually are, and it will be b(*,st., as a licjicial lule, to use 
tlu^ valve at a point on t in* straight ])ortion of its anode current 
(urve. * 




Kkj. es. — A Li*c ik‘ Eorcbt type ol clreuil. 

Another “ Audion ” Circuit. — Ki^y. bS * sllow^s a special 
method of connectiiii; up a vacuum tube foi' re.ctilication 
])urposes. It Avas diAAdoi)ed lor use Avith t»lui audign hy 
L(‘.e de h'orest aiuMhe connections are fi*e(piently used in the 
United States. The (essential feature of the circ.uit, ajiart from 
the j^rid condenser, is the fact that the leads from the receiving 
oscillatory ciicuit are connected to the i»rid and plate of the 
vacuum tube and not to the ‘^rid ami lilament as has been 
previously shown. A condenser of about 0*0004 nifd. 
is connected aci oss plate and lilament. 

There is nothing viny complicated about the theory of the 
* Lou do Eurost, Uritibii Uatuiit 3050/15 (March 112/14). 
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cimyt. Tlio coiidiniser C4 acts as conductor of high 

frequenc} curriJiit!*, so that there is praciticRlly no higJi-fregmncy 
change of potential between the plate and th<‘, hlaiwcmt. \Yhen 
signals are being received, an oscillating E.M.F. is established 
between plate and grid, but. as the potential difference between 
plate and filament hardly varies, the grid potential oscillates 
with re.spect to the filament. The action is, therefor(4 similar 
to that (d circuits using the more ordinary connections. • 

It will be notided that in Fig. 98 the uppcir end of the closed 
circuit inductances L2 is connected to the gi id. This end is 
the one furthest from the earth side of . It is what is known 
as the “ high poteni.ial end ” of Lo. The potentials at this end 
are the higher and t^ie leads to it should be very carefully 
insulated. The high -potential (‘.nd of the inductance should 
invariabl}’ be connected to the grid. The otlu'.r end is the 
low j)otential end and is comuM-ted to the low potential part 
of the vacuum tube, namely, the tilanient which is frecjnendy 
earthed In t.he presenl circuit the lower *end is conn(u*t(Ml to 
the plate and so, via (V to th<^ filament. Ih' Forest’s circuit 
is usually modified when hard vacuum t-ulx^s are used by 
connecting a leak across G and F. 

Further Remarks on Rectification.- A\ (‘ liave iiidi(‘at(‘-d that 
a grid leak coimecied directly across the griS and filanuait mav 
serve as a convenient means of giving the grid a. suitalde 
noi-mal operating j>ot.eiitial. Fig. 99 shfiw^s a receiving circuit 
in which advantage may be taken of this fact. « 

, A grid condenser (.3 is conn<‘cte,d as sho'vvn. A resistance 
Ri of several megohms is connected •through a potentiometer 
P to the filament. The potential of th(*. grid may be made 
positive or negative as desired by movinn the slidci' SJrelow or 
above the middle ta])})ing on the potentiometer resistance. 
We are thus able to adjust our valve to the best operating j)oiiit 
on either the*, grid or ar^^odi* current curve. For example, wc. 
could work the tube at tbe initial point* of saturation by 
suifeibly adjusting the grid potential by means of P. When 
P tends to make the grid negative, thrj grid (jurrent will be 
zero and (‘onsequently there will be no potential drop in Rj in 
spite of its high resistance. If the point S had a potential 
of —2 volts with respect to the middle p{)int of P, the grid 
would likewise have a ]jotential of —2 volts with resp(*ui; to 
the filament. If, however, the pot(5ntial of S were +2 volts 
with respect to the middle point of P, the grid would be 
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positive with respect to the filament and a j^rid enrrent would 
How through R|. There would conseqifently be a small 
pot^intial drop across Rj and the potential pf the griji would 
be rather less than + 2 volts. 

A circuit such as that of Fig. 99 is suitable when it is 
desired to use cumulative rectification and yet be able to vary 
the normal grid potential. Frequently, the bend on the grid 
currisnt curve occurs when the grid potential is slightly positive, 
in which case the Fig. 99 circuit might be used. 

Modified forms of the circuit are ficiquently found. Some- 
times, the potentiometer is omitted and the foot of Rj connected 
to the negative «ide of the accumulator R and sometimes to 
the positive side. Anotluir arrangement consists in connecting 



Eig. 1)1). Eh(jwinff a means ol varying the normal grid potential. 

the foot of Rj to a sliding cojitact on a potentiometer rtvsistance 
joined across the accumulator 13. This would allow the 
potimtial of the gi id to be varied from zero volts to a pqvsitive 
value ecjual to ths voltage of the accumulatoi-. Sevt*Tal grid 
cells could be coimected between the foot of R^ and a 
sliding contact on a resistance across the filament battery. 
A variation of 4 or 6 volts (;ould thus be obtained in the 
grid potential. 

The value of the arrangement shown in Fig. 99 li(‘.s 
chielly in its application to multi-stage amplifiers * which will 
be discussed in a later chapter. 

* <See, for example, British Patents 127013 and 127014 of Brillouiii and 
Beauvais 
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TiIK Vy\(’lU\M Trnj5 as A^' AjMPLlFliat.* 
Low-Frequency Amplification. —\\"c have* alri'aci}' sofwi lic^w tho 

Viinnun tube jiiav act- jus jin aiii])lif‘M‘T. Tlio best cemdiiions » 
lor aiii])liii( atioji art^ briefly as follows : — 

Aiiiplincatioii of speech an(i alternatiiiii or r)scilliiliiJil 
eiii*r(‘iit. Nariaf ioiis whicli are to lx* j(^j)rodiiced faitldiilly : 

{<() Tli(* portio]] of tlie anode ciiiTOiit ciirv(‘ used slioiild be 
steep and straj,i»ht. 

(h) Jt should lie t-o tin*. Jt‘it of th(*. i^rid z(‘»() (udiijati‘ 
avoid i!,i‘id currents. 

(c) TJie normal arid ])otential siiould eoiis(‘fju(‘nt]y be 

neiJ;ati^■^‘. 

(d) The repr(*s(‘ntati\ e j)oint should Jievei* move off tlie 

• steej) strai.< 2 ;lit ])ortion, wliicli should l>e long enough 
to deal with the amplitiuh' of th(‘ incoming alter- 
nations. 

Amplification of nnidireetional pulses 

(a) The })ortion of the aii(»de curnyit curve used should 

be steep and straight, jilthougih absohiti^ sti'aightness 
is not essential. , 

(b) It need not lie to the left of the grid*zei'o ordinate. 

(c) The normal grid potential ms^y be any ^'aluo but may 

eojivenieiitly be zero volts. 

(d) It should be so adjusted that the jcprcscjitative j)oijit 

does ]iot leave the straight steep ]>oi i-jon oJ the Jiiiode 
curj’CJit curve. 

(cj Th(^ valve should prelerably b<‘ so connect.(‘(l tiiat the 
grid rec(*jves a negative jml.se poteJiliah unless 
tlje operating ])oint is well to the lefty of file grid zej-o 
ordinate. If the grid receives Ji ])ositive puls(5, grid 
curi’ents may he establisluid which will hissen the 
ellectivcuiess of the positive chajg(*.. 

It will thus b(5 seen that the anii>lihcation ol curj ents of an 

* Set* also J. StuiU-'raggai t., “ V^alvt* as an AiMpliticr,” World, 

Jan., Marcli, JU18. 

t It must be reinernbeied Lliai uiiidireeiiuiial pulses fed into a transformer 
|>rodiiee altei nating eurreiit. 
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alternatmi^ nature requires special precautions which an', not 
necessary when dcalinc; with unidirectional pulses. As we 
hav^ studied in oreater detail the effect of i^rid currents, 
we are now more c.ompetent to arrau;i,e inatters so that the 
re(?tification effects which we aimed at- in the last chapter arc 
(eliminated. 

Fi^^.l 00 shows an am]»lifyiug circuit. The coil Tj is the 
primary of a step-up transformer, the S(e.condary T2 of which is 
connected across the filament; F and i>rid Gr o? a three-electrod(^ 
vacuum tuhe. In the anode circuit is an anode battery 11 and 
a transformer windini* Tj^. A secondary winding T4 enables 
us to draw away^any ]iower gnneratiHl in the ])jimarv T;j. 



The transformer T1T2 step-up type in order to 

maunify tlie ii.M.F.’s across T] and so obtain as great a variation 
of grid j)ot(.'ntial as possible. The tiansformer winding T3 
should have a high resistance apj)roaching that of the space 
between filament, ^nd auoile. The winding T4 has fc'.wer turns 
than T;j if we (J(*.sirc to (jl)taiii strong currents at low voltage,* 
but many more turns if wo di'sire high E.M.F.'s across Oil. 

The circuit IT] N may be ternuid the mpiit circuit and OT4U 
the ouLpiU c.iixmit of the amplifier. A weak alternating current 
applied to the iiquit terminals 1 , N, will cause high })otentials 
to b('. set up across the secondary T2 and cons(M|ucntly across 
the grid G and filament F of the valvTi. This will cause large 
variations of anode current through the transformer winding 
T3. When the a.nod(^ curinnt is flowing stiridily througlFT^, 
no curnnts arcs set u]) in T4. When the anode current is vai ied, 
however, an amplified alternating current is set up in T^ which 
will actuati; ajiy suilabh* instrument, such as a tehphone 
j (^ceiver, conmv.ted to the output tei ininals 0, U. 

This typical c.irc.uit is found in very many device's uschI in 
wireless telegraphy and teh'phony. It may be used even as 
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a generator of high-power current, In which case the valve 
used is of large siz^- ; the battery II is replaced by a dynamo 
and the filament is heated by current from a. dynamo^ or 
alternator. 

Sinc(‘- the circuit is of such im])ortance, it will be worth 
while to cfnisider its operating characteristics. AVhat are 
the disadvantages of the circuit as it stands in Fig. 100? 
There are sevfual, a.nd they will be rcadih^ seen by re- 
ferring to the tvJ^ical grid current (‘.urve of Fig. lOl. Since 
th(‘ grid is connec^ted tlirough the winding T 2 to the 

negative end of the 
gridj our operating 
point is d> on the 
grid current curve 
abede. This is the 
point which corres- 
ponds to zei'o voUs 
on the grid. The 
giid current here is 
comparatively con- 
siderable and equal 
increases and de- 
creases would not b(‘ 
produced by an alter- 
•nation. The slo])e 
of the curve increases 
rapidly and the in- 
crease of grid cur- 
rent due to -f 1 Volt, 
for example, will be 
greater than the 
decrease produced 
by — ? volt. There wijl, therefore, be a tendency to prevent 
any positive half-alternations on the grid leaching the same 
amplitude attained by negative half-cycles. 

The transformer T 1 T 2 will be at a disadvantage in two ways. 
The load on the secondary T 2 will be appreciable since the grid 
current at d is fairly large, and consequently it (;annot “ stej> 
up ’’ to as high a voltage as if there were no grid current. Also, 
the load will be variable since thegrid current is not symmetrical 
about d. 

Owing to the grid current, energy is used up in the secondary 



Fig. 101. — Showing best operating point on 
grid current curve for amplilication. 
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of the transformer. Moreover, since the variations ol. grid 
potential about the normal value are not equal, the variations 
of anode current will not be symmetrical, a certain amount of 
distortion being thus produced. 

These disadvantages maj’^ be largely overcome by using an 
ap))ropriate negative voltage on th(^ grid. A potential of 
— 0-75 \w)lt would bring us to the point c, a point suitable 
for ro^'tifi cation and consequently fatal to accurate amplifica- 
tion. A i)()tential of — I’f) volts, however, brings us to a v(uy 
suital)le point h on the grid current curve. Here the grid 
current is veiy sniall and consists of positive ions. The load 
on the transformer se(‘.ondarv is vejy small and the grid 
circuit absorbs practically no energy. The grid consequently 
]*ises to greater jKjsitive and negative potentials. These 
potentials will, moreover, be equal on either side of — 1*5 volts 
since the grid current remains constant for a c.onsidorablo 
distance on either side of the ojierating point 6. 

From the above, ^esee that it is advisable to have a negative 
voltage of about —1*5 volts on the grid. We can obtamthis 
by suitably comiecting a small dry cell somewhere in the grid 
circuit, say at C (Fig. 100). This will be quite suitable when the 
E.M.F.’s to bo amplified are small. If they exceeded 1 volt, the 
representative point would pass the point c during the effect of 
a positive half-cycle. Rectification would result, and distortion 
in the anode circuit would follow. We might, therefore, find 
it advisable, to give the grid a more negative potential, say 
— 3 volts. The 'grid curj-(mt curve at the now point a is. 
practically the same as it w*as at b. The slope from h to n 
and onwards is actually very gradual. 

But \vhat will have been the effect on the anodt^ current 
of doing this 'i We will clearly be using a lower operating 
point on that curve. If we have gone too far and the operating 
point is on the lower bend, we can ifunedy this by increasing 
the anode potcnthil ; this will shift the anode*, current curve to 
tlie left * and bring our operating point to a ])osition higher 
up than the -bend. 

When amplifying large E.M.F.’s — 

(а) Use a great(ir negative potential on the grid ; 

(б) Increase the anode voltage correspondingly. 

For general use, a potentiometer may be used in place of 

* The grid current curve will be moved also, but a little to llu' right. 
Tbiisf will further onr project. 
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ilie cell V of Fill. 100. The new circuit is shown in Fijj;. 102. 
The potent i on P is not normally necessary. On(^ or more 
florid <*ells will snfljce. The i^n^at disad vantage! of the j)otoint.io- 
TTietei* I* is that it,s battery B2 is always riinninc; down."’ 
(Irid cells, on llio other hand, last a loiiii time since, the current 



Vjcj. 102. — Us(‘ (>l }K»tcntioiiK‘ioi' 1(» vary llu* {^rid polvniial 


thronuih them is only about. 1 /10.000.000th of an ampere. 
Instead of a ])otenti()nieter a switch S may be nsiul to brin‘4 
into^ op(Tation one or more, ^rid cells (Fi,u. 10‘1). A ('ritical 
regulation is not necessary for amplification nnd so the st(‘])s 
of rb volts each are sntlicient adjustment. Fig. 104 sliows 

^ TO GRID TO FILAMENT 



Fic. 10 : 1 . - Use of grrid c(‘lls in pho'c Fk;. 104. (.'rid iMllcry ariMiij^i-iiH-nl 
of potcnliojiiclcr. if U rrvcrsiii'^^ sw itfli. 

an arrangenKmt which may be found v(‘,ry ns(‘ful im(l(‘,r some 
circumstances. A commutator switch is pj‘ovi(l(‘,d to 
enable tin*, j)otential a])iili(‘d to the grid to b(^ made positive or 
negative. In both Figs. I0:i and lUl, a stud is providc^l for 
use when no grid cell is rciquired. 

Instead of using a cell in the grid circuit to give the grid ti 
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negative potential the arrangement of Fig. .105 is profiArable 
and may be used on very many eirenits. Th(i grid (1 is now 
eonyected indii’ecjtly to the nega- 
tive side of the aGeumulator B, 
and a resistance of about \ h 
ohms is eonneeted between the 
end A gf tlie filament and the 
negaijve side (1 of the accumu- 
lator B. The result is tliat t he 
j)oint CJ has a potential of al)out 
— 1 volt with r(ispcct to A. 

(bnse<piently, thy grid potential 
is — J volt. The advantage of 
this arrangement is that the damping i^lVect of a grid ( (‘11 is 
av()i(l(‘.d, although a larg(u- aeciimulator nuiy b(‘ lUM^de.d. Jf 
(hisiiud the rh(H)stat Ho might be oniitt(‘d and Hj^ used as ji 
rheostat. 

Graphical Representation of Amplification. — Fig. 1U('> shows 



Fjo. Jer*. — Um‘ ol ivsishincr in 
lilainrnl niruii to .i 

siii1al)lr n|K'iiilnip; jiotnntiul. 


Original 

alleriialinns. 


Altn^niaiiriu: 
E.iM.F.’s iip[)Jiecl 6 
to irriH. 


\y-v vy V V V V 


JVla^iiiiind 
alt'ornaiioiis in 
iiiiodo circuit. 



Fjo. 100. — (Jraphinal ruprcsenlaliun ot aiiiplitk*atioii. 

graphically what takt^s place when a cire-uit of the lig. 102 
type is us('.d. 

Th(i lint' All sliows tlit! allnM-iuiliii” E.M.F.’s across the, 
tcriuiiiiils, 1, N. These are trausfoiiiic.cj to ]iij*hei' E.Al.K.’s 

L 
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which are then impres.sed on the i^rid, which is at a suitable 
negative potential dSF. The alternations are seen to vary the 
noj’mal giid voltage EF symmetrically. The thin! line slv)ws 
the variation of auod(‘ current about its mean value 011. 
Tlnvse variations are large and also symiiK^trical. The lim'. 
CD represents zero grid volts and J K zino anode current. 

Use of Anode Current Resistance. — The insertion of.ii resist- 
ance of several tliousand ohms in the anode circuit of a waive 
is sometimes of jidvantage. It has the effect sometimivs of 
straightening th(‘. plate current curve and so lessens the dis- 
tortion which may nwult throiigli its non-linear charac.t(n*istics. 

Use of Variable Transformers.— Tlu^ prin^iuy of the. input 
transform ei’ may vith advantage be miid(‘. variabhi in ste]>s 
in ordiu- tlnit the iinj)edance of ihe j)riniarv winding may 
C(|iial that of the circuit to which the arnplilyirig valve is 
connected. A suitabh^ arrangemc.nt is sliowji in Fig. 107. 
The j)rimary Tj of the transformer T 1 T 2 iw variable iji four steeps 
by means of a radial switch Sj. When Ihe external circuit 
is of -'low resistance the hist stud may be used. If the circuit 
to which the amplifying valve is (‘onncctod is of high resistance, 
as in the case of the detector circuit of a ciystal receive.r, the 
switch Si may be placed 011 the top stud. This, however, 
affects the degi'ee of the step-up eheet also. 



, Attempts may be made to j (iSonat(^ the various transformers 
to the fr(Kjuency of the alternations or i>ulses passing through 
them. This may ha done by connecting condensers across the 
windings. Iron core inductances may also be connected in 
series wdth the windings, but at present, there seems no ten- 
dency to resonate the circuits to any apj)ro(;iable extent. 

Ill the Fig. 107 circuit , tlui step-uj» ratio of Tj to T 2 may he 
1 to 10 ; tlui resistance of the priiuai}’ Ty may be conveniently 
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a thousand ohms and T2 ten thousand ohms. Such fi^iues, 
however, are of little value since they vaiy very considerably 
in different amplifiers. , , • 

The figure also shows the grid cell switch S2 in use. 

The energy drawn from the anode circuit by means of the 
transformer T3T4 is being used to actuates the telephone 
receive»=i T. The arrangement (ionstitutes a telephone trans- 
forms and its use is always preferable to connecting the; 
t(ile])h()nes directly in the anode circuit. The winding T3 
should be of a high r(\sistance ai)proximating i.o t lu*. n^sistance 
of tli(^ valv(‘. betvyeen filament and anode. If wound with 
cop[)er wire a retilstance of about 5,000 ohms will l)e suitabli^ 
for T.j. The. winding T4 sliould have thc^ same* nvsistance as 
th(‘. t(dephon(is. Tliis may (‘onveniently be 120 ohms. Th(‘ 
transformer ratio of may cojivcniiently bi^ 5:1. 

Type of Amplifier Transformers.— Th(^ transformers of Fig. 

1 ( >7 are of the cJosed-core tyj)(^ (>losed-(*.oj‘(^ tjansformers have 
be(ai found the more efficient although the open-core type is 
pi’obably the best for amplifying speech. Tlieii^. is le.ss hystiresis 
in the open-core transformer, and, although tlu^ amplification 
ma\' not be so great, yet there is less distortioji of the wave- 
form of the currents to be amplified. 

The cores of tJle, transformers are preferably built up of 
wires or plates made of a special form of soft iron known 
commercially as “ Stalloy."’ 

Special Connections. — The operation of thci valve as a low- 
frequency amplifier is generally improved by connecting tlu’f 
(jores Cl and C2 of the *transf ormers T1T2 and T3T4 to the 
j)ositiv(5 side J of the anode battery IT. This materially h?ssens 
the parasitic, noistis whicJi frequently accompany the opera- 
tion of an ami)lifier employing transfoimers. These noises 
ai*e usually traceable to leakages in the battejfijs, the unst(‘ady 
cuirrent from an accumulator or an(,^c battery, transff)rnier 
leakages, various capacity and inductive ofTects, peculitTiities 
of valves, microphonic effects produced by vibjation of«th(* 
valve, and numerous other causes. Many of these noises may 
be prevented by careful .insulation of all batteries and ap- 
paj'atus. Caix) should be taken that none of the leads cross, as 
otherwise complications due to induction may arise. They 
should be short and should not be near any earth-connected 
conductors. The component parts of the vacuum tube 
amplifier should pieferably be placed well apart. 
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Avoilier sjxK'jal coriiiectioTi wliicJi will liolp to .siJeiux! 
nn(}osij*abl(‘. noises *'is that from the input tiiJininal N to the 
points!.* ^ ^ 

Use of Auto transformers. — The in]>nt transfoi*rner may, 
if desired, consist of one winding. Auto-transfoi-nun’ efleeis 
are tlien used and may be emjdoyed to stej)-!!}) tin*, incoming 



E.M.F.'s. An c^ampli^ of the use of an auto-transioinier is 
ilhisfra.t(‘.d in Fig. fd8. This is raiely doins 

Use of Resistances in Place of Transformers. A trans- 
fornuir juxhIs cjireful construction and more careful d(‘.sigii. 
We may, liowevc]*. get ainjdification (dlects without a trans- 
former at all, and tin? principle of Fig. may b(* utilised 



to a larg(‘- (;\tent in the design of vacuum tul)e a])})a]‘atus. The 
resi.stanc(‘, niay be a non-inductive n‘,sistance of, say, 

10,000 ohms. There will be a pottmtial drop alojig II] lU whi^n 
a current is flowdng. 'rap 2 )ings may l)e taiam from ditbuent 
points along lljTI^ by means of the switch S. 'Idle injiut 

* ( ’(ni(t(‘JiH(‘i'h acios.s 1 Jm‘ lijirisfoniKT wjiulmgs .soinctjnirs in;ikc tin- 
aiiiplilit'L' iimrc mIciiIIv. 
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current flowini*' throiij^h K|Ho cmiscs the ])()teiit.ial acioss S 
and U 2 to viivy. The potential of the orid* will, therefore, be 
n.ltt«*ed with*i‘(‘S])e(*.t. t(» tlie (ilament, and tlie.eurreiit variations 
a,mplifi(id in tlie anode eircuit. Tlie stieinijth of the eiirrent 
variations in the anode*, eircaiit may he vaihnl hy altcniiii* tln^ 
]»osition of S. The inaxiiniim elTeet is obtaiiunl when the L;rid 
and hlanient ajc! e.onnec.te.d across tln^ wlioh* of the ivsistance 

The advaiitaiio of usini; a resista.nre, apart from simplicity, 
is the fai't tha.t it oilers th(‘ same r(\sistanci^ a.pp]‘oximate]y to 
cnrnaits of any fi’eqneney. One disadvanta‘;e is tliat- we miss 
the valua[)l(i sk^^pin^-iip (‘fT(H‘t ol)taiiiahJe ))y means of a 
transforni(n'. • 

The resistanc.e type of amplili(‘r sliown in Fii;. 199 may he 
einploytul in cases wliere a transformer amplifier is quite 
useless. Such is tlie c.ase wlien we desire to produce an amjili- 
fieation efl’ect hy m('.ans of a direct current. An examjile is 
iiiven in Fiu. 110. A distant lele.tiraph transmitting sta,tion 
consists of a hattery li.j and a ta])pin.u key K. Two loni^line 





Fh^. 110. - Use of ii ri-sisin Mcii in an aiiipliiyiim circuit f(»r direct ciirrci t. 

winvs Ij.j, and Lo connect the transmitting to tlie receivini; 
station, which lat.t.er has a resistance anijhlier with a milliam- 
ni(‘.t(u* A uivin;^, say, a normal reading of 1 niilliamp. On 
(h'pn^ssinL!; the key l\ a.n (»l(H't<ron currei*t Hows round the(*ircuit 
1 K I JO l^':» H 1 1 Ha - ] )d i ic i 1 a steady pi )tei 1 tial d i ITerence hetween 
Sand Jlo which (uiuses the anode c.urrent to rise to. say, h jipilli- 
anips. Th(‘ millia.mmeter A will, therefore, remain at 5 milli- 
amj)s. as loni; as the key K is de}>ressed. A ? (*lay mii»lit replace 
A. The spriiii; which keeps the arm of the relay in place 
mii»ht h(^ tightened so that. th(‘. steady eainent in the anode 
circuit just failed to close the contacts of the local cheuit. 
On depressin<r the key K tlie iiicriiased anode current would 
closci the contacts. 
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AnSimple Amplifier of Rectified I^es.~ Ki^. ill shows a 
simpl(». (‘ircnit- in wJii(i]i a, valve is actiii^^ as an amplifier of the 
rectifiec] pulses o|)tained from a cTvsta.l detector D. Pvlses 
of potential arc? imprcissc‘(l on the? ^rid (I of the valve and 



Fto. 111 . — Use of val\"c as an ainplilier of rec.iified pulses fiorri a crystal 

(h'leetoi- * 

amplified in the anode* circuit, ^i^ivinii signals perhaps 5 times 
as siroin; as those wliich normally would lie obtained without 
the valve. 

A better circuit, l)ut a more complicated one. for use wdth a 
crystal detector is that shown in Fii^. J12. The piimarv 
windinn of a st<?ji-up transformer is connected across the 



•Uto. 112. — A])plicalioii o! L.F. amplilior lo crystal dcl^eclor circuil. 

terminals whc‘re normally the tc^lejdiojie T(?ccivers would he 
cunnectc'd. The? imj)e(lance of this juimary winding shoidd 
be as hi^h as j)ossil)le, since the rcvsistancc? of the detector is 
very high. The E.M.F. of the unidirectional pulscis is stcipjjcd- 
up before being applied to the grid of the valve?.* The condenser 

• The potentials applied to the grid will be alternating. 
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(■;j may somotimos bo ()iiiiU.R(i. I’lic coniplcto an'angiRnout 
enclosed by the dotted rectanj;»le, consisting of a oiie-valve 
ani|)lifior, imiy be connected np as a so])arate instruin(mt.wliicli 
could be readily apj)lied to any kind of a circuit. 

Tlie c-ounectiouK from the terminals of the condenser (!o 
of Fig. 112 to the grid and filauumt of the valve, should b(‘ 
reversed when first joining up the circuit, in ol der to see which 
wav*Tound gives the loudest signals. A certain way round 
sometimes gives the best results. 

Amplification of Oscillations. — So far wo have (jonsidered 
circuits using the vacuum tube as an amplilier of low frequcnc'.y 
current variatioi^s. It may, however, be used equally well as a 
magnifier of oscillations of very high frciquenev. Owing to the 
great mobility of th<^ electrons, osidllations having a frequency 
as great as thirty millions per second may be faithfully repro- 
duced on a larger scale in the anode circuit of a valve. 

If we arrange a circuit similar to that of Fig 1 1 15, we will 
amplify incoming oscillations. By the use of a grid cell B 2 



(or e(juival(Mit arraugomeut) and siy table values of filament 
current and aiunfc voltage, we can ensure that tli<‘ oscillations 
llowing in the anode circuit FKIF are of exactly the same wave- 
form as tiie original o.s(*iilatioiis, and are not in any way rectified.* 
^riiese amplifi(*.d oscillating currents fioAv tlirongli the resistance 
R included in the. anodi* circuit and may be used in a variety 
of ways. We might for example connect a high-resistance 
crystal detector and telephones across the resistance R. 
Instead of II we might llS(^ an induct am* (*. tuned or aperiodic. 

' It has already been shown that the rectified current obtained 
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by iisiiii; a IxmhI in a cliaracterisiic. curve is proportional to the 
s(|uare ol th(^ anij)iitnflo of i.lui iiicoininu: waves. Tlie action 
of a /nystal (let(K't.or niay l)o (‘xplained by tlif*- non-linear 
characteristics it ])()SSossor, so i,hat w(^ah oscillations ])ro(lnc.o 
a smaller relatives cllect than strong ones. It is thentorc^ v(n‘y 
(I<‘sirahlo to inc.ieas(‘. Iln^t ainplit.ufh' of oscillations artilicially 
hefort* r(‘ctifying the!Ji. • 

Fii;. I If shows a jnactical circuit- in which the oscillart-ions 
are first anij^lilied and then rectilicHl.* In the anode circuit of 
the valve is included a fixed inductaiice throni'h which the 
inaLOiificci oscillations pass. No atteinj^t is made to tune the 
c'oil Lo. It is thej’efore aperiodic. It aljows oscillations 
of all fjeejnencic^s to ])/iss through it. The frcH|uencv of the 



Fig, 114. — Showing tlic oscillations amplified hy a* vacuum tube hctoi c being 

rectified. 

• 

oscillations in L2 will equal the frcquenc*y c^f the E.M.F.’s on 
the grid, that is, the fre^quency of tlv^ incoming waves, even 
if the natural wave-lcmgth of Lo is not in tunc‘. In the 
latter case', t-he oscillations in L2 nil! be* forced oscillahous. 
To make* the coil apc'riodic the turns should hc^ S])ac(Kl well 
a])art to prc*vent thc^ coil jfossessing too inuch self-c*a])iicity . 
It ma>; he wound with rc'.sistance wire. Suc*h aperiodic incluc- 
tancc^s arc* very frc^cjiic'.ntfy used in the anode* c*ircuiits of valvc*s 
as they require no tuning. Thciy possc*.ss a natural wavc*- 
length which slionld he*, miwle less than the* lowest wave- 
length to he used. 

Having now obtained amj)liflc*d osc*illations in the indac- 
tance L2, we requires to rc*ctify theun. This may he acc'.om- 
plished by connecting a ‘‘ penikon ’’ crystal cic'.tcictor 1 ) and a 

* The ficscllschaft fiii' ]>iiilifl(».sc T<*Icgra])}ii(‘ ji])pfar to claim H.F. 
amplification followed bj" rectification in British l^itciit S821/1IJ (April 
15/13). 
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pair of toloplioiiP nu.ojvers T across the inductance L2. •Loud 
signals wi\\ be lieard in the telephones. Such a circuit is far 
mo^p scientific, and successful than the Upe shown in Figt 111. 
High-frequency amplification followed by rc'ctifi cation is 
usually great!)' prefeiubh^ to rectification followed by low- 
frequency amplification, especially when only one valve is 
used. » 

IJ»w(* desire to do so, w<'. can tune the aiiodc oscillatory circuil . 
Rather be.tt(n‘ results are obtained when tlTe anode circuit is 
turn'd to tJie same fr<',(|uency as i-lic oscillations, especially 
when incoming signals are weak. Fig. llo shows a condenser 
C!.j connected across the. inductance which is jiow variable 
in steps or by nieaus of a sliding conl^^ict. A |)otentiometer 
P is shown in the <h*cuit for use with tlie crystal detector if 



^ 10 . 115. — TT.F. aniplificalion circuit witti tuned plat<‘ circuit 


th('. latter requires it. il carborundum crystals are used a 
])()teutiometer will be nect'ssary. 

The {yiode oscillatorv circuit now consists of the indncf-ance 
L.{ and the variable (^mdenser (J3. It should be tuned to the 
fre(|u('ncv of the incoming oscillations. If out of tune, it will 
not ;ict as did th(' aperiodic coil Lo (\J‘ Fig. 111. Signals will 
h(^ w(*n.k('r or inauclible. 

The (‘ircuit of Fig. llo mrds a. considi'rahle amoiinj* of 
adjustment since the anode oscillatorv cin'uit sometimes 
eaih'-d tlu^ tertiary ” circuit, requires timing in addition to 
the aerial circuit and the closed circuit 

IV) obtain finer tuning than that obtainable on the circuit 
just described, we may c.oimect the detiM'toj' circuit a(*ross a 
separate oscillatory circuit coupled to the anode oscillatory 
circuit. A suitable arrangement is shown in Fig. 116. The 
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variojis ])io(*.(^ssok iiivolvod will j)(;i]ifi![KS bo rrjoro clearly shown 
by this figuro. Tbo ma^iliod oscillations taking place in 
L3C3, set lip similar oscillations in the circuit 11 ^ the 

coujding between L3 and L4 is loose, much undesirable jamming 
may be eliminated. Needless to say, the circuit is ra.thi‘r 
dilficnlt to time and needs the full attention of an experienced 
operator. If- is not, therefore, ada])tabl(^ for use wln^n an 
operator desires to change his re(*eiving wav(‘-length rti^)idly. 
Matters may be * considerably im]>roved by having a table 
showing the values of inductaiKio and ca})a('itv (V> which 
give the circuit a certain wave-length. Similar cards may 
be made out for L3C3 and M it is desired to rec(‘jv(‘. a 

c(irtain wave-length, these three circuits can be adjusted 
immediately. It is then only necessary to list,en-in by varying 
the ^tuning of the aerial circuit. If the coils L^, 1^3 |and L4 



Fia. 116. — Showing detector circuit loosely cou[»j^d to plate circuit of 
valve acting as K.F. amplifier. 


and the condensers C3 and C4 are all the same size, a rubber 
band may be passed round the handles of the thrcio condensers, 
so that on turning one condenser, the others tiiin the same 
amount. This may be done on certain condensers and facili- 
tates .tuning. If desircjf] tlje tertiary circuit L3(‘3 may be 
made aperiodic, but the circuit sluftdd {nelei’ably be 

(*arefnlly tuned. A complex switch might lx* used to vary L2, 
L.,, and simultaneously. 

A single valve may be used not only to amplify tlu^ high- 
frecjuency oscillations but also to magnify at the sanuj time tln^ 
rectified pulses obtained from a crystal detector.* A circ-uit 
in which this occurs is given in Fig. 117 . Oscillations set up 


* See British Patent 8821/13 (April 15/13), of Gcs. liir llrahtlose 
Tolegraphie. 
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ill tliB ciroiiit cause iiiaji:Hificd oscillations iii L 2 Cj{. which 
are rectified by the crystal detector D. ^hxo rectified pulses 
pasji through the primary Ti of a step-up transformer 
th(i secondary T 2 of which is connected in'the grid circuit of 
the valve. The E.M.h\ of the pulses is stepped-up and applii^d 
to the grid, causing large variations of grid potential at audio 
frequenpies. Theses low-frecpiency pulsi'S are thus changed to 
altcriiating curient and amplifiiMl in the auode cirimit, where 
they are detected by the telephones T. AVe have then in 
the anode circuit radio -frequency variations superimposed on 
audio-frequency variations. The condition of affairs is, there- 
fore, somewhat similar to that existing wlum a grid condenser 
is used (see Fig. f^G). The l)locking condensers (w, f -4 are used 
to provide an (iasy by-path for high-frequiMicy oscillations. 



Eio. 117. —Single* vacuuia tube arranged to act as an amplifier of high- 
fre(|iienoy and low-freipioncy currents at the same time. 

• 

Many variations of the Fig. 117 circuit may be devised. 
The reader himself may* make up endless combinations of the 
various circuits already given, which arc mostly typical. It 
is the object of the author to show th(‘, principles involved. 
Once these have been mastered, the reader is almost indepen- 
dent of text-books He will bo able to design circuits to meet 
his own requirements or resources. • • 

The ciystal detector has been found almost as sensitive as 
the three-electrode vacainm tube when tli(' latter is used* as a^ 
])nre ri*ctilici‘. It has therofoic^ been frecpientlv adopted when 
rectification is desii-ed. This class of cii'cuit-, liowever, is not 
very easy to adjust, and simple circuits cinploying additional 
tubes are probably to be ]>referred. Moreover, the un- 
rch’ability of crystals is notorious, and their use in valve 
circuits is now very limited. 



(!JJA1TKII V. 
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Olf I’WiKNKKATIVI? .VmI’IAFICATION. 


Retroaction. V\'{‘ liiivc just seen liow iiicomiiij; oscilliitioiis 
truiv 1)(( nia;inili('(l by mdaiis of a vacumii tube. Wltal' jHM'liaps 
is a still more iiiteic'stiuij: motliod of iiicroasiiio tlie amplitiubi 
of Ibose osoillatioiis is wliat is kiumii as refroadiir * am])lili(.'a- 
tiou ; soiuotiiuos it is called “ rci^cncrativc " or reaction " 
amjdificatiou. 

The essential jiriiiciple of lliis system consists in uialcnie 
the am])]ified oscillations in tin* anode circuit of a val\ (( retroact 
(i.c. {ict back) on tlie ^rid circuit and so reinlorce tlie oriijivul 
E.Al.F.’s on th<‘ arid, resnltiny in a buildina-iip elfect. 

One method of obtaiiiina this e.tlect is shown in Fiy. If 8. 

Jncomiiii; oscillations in L] 
vary tlir' arid potciiitial on 
either side of its normal 
value. Tlie, anod(^ curn'-iit 
jlowina throuah the aperi- 
odic indfictance coil AB is 
vilried at a radio freipieney 
exactly in time with the 
oscillations in L|. We 
have then in AB stronger 
oscillations than those in 
L|. owiny' to the ampli- 
fyiiiff action of the. Uibe. 
They will, however, have the saiiii^ fnspienc.y and about, the 
same dearee of dampina as those in Lj. Now if we couple 
the coil AB. which may be called the rdmwtor cmV.f to the 
inductance L]. it will induce o.scillal.ions in Bj. Siiici* oscil- 
lations are alieady takhij; place in L], they will c.ond)ine with 
the induced oscillations and produce still Ktron}>er c,uiTents in 

* A OT i"iii}i,l]y uh(‘(I liy W. 11. Kdolfbs. 
t Alst) JvJirjwii liii “fcariion c.oil” or “ njiicljincf;,’* 



Fjc. I Is (Circuit ill winch 
js nhl, lined. • 
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Li- TJiis assumes, ol course, that tlie induced oscillations 
arc in phase with the orii’iiial oscillations. • 

If the firtld of tlie coil AB is arranj^ed so as to assist the 
magnetic lield of L^, retioactive amplification is obtained. If 
the field of AB b(^ oj)posed to that })roduc(id around by tlu^ 
original oscillations, not only will there be no amplification, 
but thewi will actually be a timdency to ])j (^vent any oscillatory 
current Jlowing in Lj. Incojning oscillations aie tlien usually 
said to b(‘ ahsorbed. 'I'he field ])roduced by llie coil AB mav be 
reversed by j cversnig the, coil ; the same result may be obtained 
by revcfsiug the ccuincctions to th(i ends A and B ol the 
retroactor. ^ 

If lh(^ coil A I > is not riiversible, it necessaj’v iji ordtu' to 
obtain ii^troactive amplification that, t he connections to A and 
H should be- c.oirect. 'Uhe rejj«son is fairly obvious. 'The 
n^lroactor Al> induces E.Al.F.'s in the coil L|. whicli (‘.ause the 
grid to be ])ositive oiu^ mom(‘-iit and m^gative the next. If 
th(‘- induced on tlie giid is of tln^ same sign as (hat 

which the original o.scillations are placing on the grid atjhat 
})a,rticular monu‘-nt., tbe two <'llecls will combine and cause a 
still huger vTuiatioii ol current in the anode circ-uit. If, on 
the otluu* hand, the induc(‘d grid potential is of opposite sign 
to that vvdii(di is [u’ftduced by tlu‘ original oscillations, th(i two 
etfects will tend to neutralise each othm*. 

The degree of c.(»u|)ling between AB and Lj is of great im- 
))ortifn(.(^. If the retroactor is c(»nm‘cte,d tin* right way round, 
the closin' it is toTjj the greater will be the retroactive amjdi'* 
1 i cation eilect obtained. *11 AB is turned at right angles to Lj 
tlie mutual elTi'ct will practically be nil. On turning AB still 
further ipund past W, the oscillations indiic-i^d in Lj by AB 
will op[)ose those fil ready taking place there and may com- 
pletely destroy tlnun. 

Some Theoretical Aspects of Retroaction.— The action^of tin* 
(•oil AB on the oscillations in may perhaps be more clc>ai*ly 
understood by c-onsid(M“ing tlie action of an ordinary p(Midukini. 
If a weight b(^ suspended by a cord and aftiu' btuiig drawui to 
one side be releasiMl, it will swing to and fro and finally come 
to rest. Tlie oscillations of i-lu^ jicndulum niv dampe(i; that 
is to say, each succ-(H*-ding oscillation has a smaller amjilitiide 
than th('- one before it. The ri^ason why the pi^iidulum comes 
to rest is b(H*ause the friction al. the point of sujiport and the 
n‘-sisiance of the air combine to dissipate (lie eneigy of the 
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oscilktions, which c()iise(|uently die out. If we lessen the 
resistance offered 1^) the oscillations by enclosing the pendulum 
in a Va(‘.uum and, by carefully suspending it, a •considerably 
longer time will elapse before the oscillations die out. An 
analogous case is that of electiical oscillations flowing in a 
receiving circuit. An important reason for the dam])ing of 
received signals is the resistances of tins receiving circuit. A 
group of dam])ed^waves usually dies out after about 2i> com- 
plete oscillations, (iOJiesjKmding to a logarithmic decrement 
of 0*2. If each oscillation occupies 1 /I ,ob<),()(K)t.lj of a sec.ond, 
as it would in llus cfxs(‘ of waves of 300 m(‘tres length, the* time 
-(»ccupied by one comj)l(‘i.e wave-train would Ja*. 2")/! ,000,00(>th 
or l/40.000th of a. secojid. This is a very short time for tJic 
vva,vevtiain to produce an (*lTective response in tlie d(‘tector 
circuit. An V arrangement which will prolong tin ‘ duration of 
th(‘ vrave-train Mdll increase its (iiiergy and capability of doing 
work, and will consequently causes an increase in the strengtii 
of signals obtained. 

By using the valve as an amplifier of the high-fiequejic-y 
oscillations, the amplitude of tlu^ latter is increased vejy 
considerably. The use of the valve in this way, howeviu*, does 
not affect the duration of th(^ wave- train ; the damping of 
incoming oscillations is hardly affecd-ed. How can we affect 
the damping of the oscillations of the pendulum ? We can 
lessen the resistance offered to the pendulum, but only to a 
certain extent. Friction cannot altogethei* b(i obviated." W^e 
V;an, however, supi)l}' energy from outside which will com- 
pensate for the loss sustained through friction and other 
causes. Wh can, for example, give the pendulum a slight tap 
at the end of each swung. If the tap is large at hrst and 
gradually decreases, the pendulum will swing for a very much 
longer period, but in the end will come to rest. If, howevei*, 
the tdps are sufficiently* strong to compens^tcj completely for 
the dissipation ()f energy, th(‘. pendulum will continiie to swing 
ind(5finitcly. Such sustained oscillations take place in watches 
and clocks. The ])endu]um is made to oscillate continuously by 
properly timed taps given by the mainspring through the escape- 
ment, the timing being accomplished by the i)enduluiii itself. 

Turning now to our restroactive circuit of Fig. 118, we see 
that it will act like thc^ escapement of a clock, lly nutans of 
the coil AB, cf)n-ectly tijrierl iTnj)ulses aie, given to the oscilla- 
tions in lip These impulses liave th(‘. eU'ect not only of 
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fitrerigthonin^ the oscillations in L^, but also of, lessening 
their damping. The impulses given may be strengthened by 
tightening the coupling between AB and When they com- 
pletely compensate for the energy losses in the ro(?eiving 
circuit, the oscillations in Lj become sustained and will con- 
tinue even if no signals from outside are being received. 
The valve is now generating oscillations of its own accord, the 
energy being supplied by tlie anode battery 11. The oscilla- 
tions ill L] cause amplified oscillations in AB wliich strengthen 
th(‘- oscillations in Lj. The ])rocess of building up the oscilla- 
tions ill L] is r(»,peated until a state of erjuilibi ium is reached 
which depends ^n various factors which will be disiuissed 
later. The oscillations in AB and sjuj.port i.h(*.r, and 

tlie valve may be said to be 
in a state of self-oscilla.lwn. 

A somewhat similar plieno- 
imuion is notice^] when a 
microphone and telephone nm 
placed opposite each other 
and connected as shown in 



Kig. 119. The niicrojihone M — 

picks up a noise wliicdi it bu^/in 
passes on to the * telefihone 
receiver T, which in turn sends out 
ifl'ec-t the mierophoTK ; the process is 


^Vcj. 1]!1. — A microplioiir and receiver 
retrc)iiet]V(‘Iy (mhij)I(‘(1 In produce 
buzzing. 


receiver T, which in turn sends out sound waves which 
i(l'ec-t the microphoTK ; the process is then repeated. By 
placitig the ear near to T a continual buzzing will be Inward, 
which, however, (leases when T and M are separated. 

The phenomenon of *s(ilf-osei]lation is of exceedingly great 
value, but at the present momcuit we are only iiiteiested 
in the stages which precede the state of generation. When the. 
value is adjusted to what we will call a “ pre-oscillatorv ’’ 
condition, incoming oscillations are g]-eatly magnified and tins 
r('.sultant signals p-rti increased to a^value five or six* times 
as great as that ohtainc'd when retroaction is not used. Since 
the oscillations are already amplified in the ordinary way; th(i 
total magnification obtained is about thiitv times. Retro- 
active amf)lification is therefore of great use wlu'u dealing with 
very wealc incoming oscillations.* They are developed and 
str(mgth(med until they are capable of giving loud signals 
when a])})lied to a detector circuit. 


* \Veak signals .ire ah'iiys bf roligtlieiied a gie.iler exteJil Ilian strong 
ones by retroacliou. 
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Auother tidvuiita<;o of iisin^ nitioactive amplification is 
that, since the waves ai*e less damped, mn(;h finer tunin<» is 
obtained and h^ss interference from other stations nosing 
dillerent wave-lenuths, is (»xperi(‘iH'ed. 

Graphical Representatiorx of Retroactive Ampliiication.- 
^riie additional amplification obtainable l)y means of a couplini* 
arraiiL'cment la'fAveen anod(‘ and ^rid circuits is shown. graphi- 
cally in Fig. 1*20. The top line shows two groups of the original 
oscillations. These are first amplified as shown in the second 
line*. The damping remains the same. IT now we couple th'i 
a-no(h. circuit to the grid circ-iiit in a suitable niaruicr, the 
magnitude ol the oscillatiojis iji the lattev circuit will be 


Ori^iiitil Obfi Hat ions 


MiigiiificH oscilla- 
tions ill nil (ulc circuit 


\/\/\/\Ai i k/\/\A-~ 


(}ri(l circuit oscilla- 
tions rcli'oa.ctivch 
ain))Iificd 


Uiruillv nijiirnilicd 
oscillations in anode 
circuit. 
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■grd - 
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'• Fig. llie.— Giajiliical icj»n;soiilatjon oi ictroacl i\ c aiiijilification. 

strengthened and the oscillations \\ill die out more gradiiallv. 
In th(^ ordinary wa)% they would probably die out at the point 
P, at the conclusion of the wave-train. By using a suital^1(^ 
coupling between the retroaetor AJ5 and th(‘ inductance Lj, the 
oscillaj^-ions will continm^^up to, say, a point. Q. The elle.ct of 
this varying grid jiotejitial wdll be to cause similar variations in 
the /inode current tis showm iji the bottom line. 

The extent to which the damping is d(H*reas(*(l may he 
varied by means of the. con j ding betw(‘en AB and Li* The 
tighter the coupling, the nearer will the end of th<‘. first group 
of oscillations be to tin', beginning of the n(‘-xt. The sj>ac(^ 
between groups of oseilhitions is vejy great and may be about 
twenty to forty times the actual duration of each group. We 
have therefore plenty of time in which to jirolong our wave- 
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train before oncroaching ii})(ni the next one. The ni(5i*e we 
prolong the train of os(jillations, the greater will be its energy 
and* the greater will be the linal eflect in the telephoires.* We 
should endeavour to prolong it to such an extcuit that it dies 
out just belong llie 




Via. 


next wave- train com- 
mences; If W(‘- tighten 
the (;T)upling too iniieh 
we will have the eheet 
shown in Fig. 121. 

I^he first grouj) of 
oscillations haF» not 
died down la^lbre the 
next one anives. The 
nvsult. is that tlu^ two 
gj'oups of oscillations 
merge into each ot]ier. 

When th(' groujis ai(‘ lectilied there will only be a small 
change in the current flowing through the telejdiones. When 
the c-oupling is tightened still further, the oscillations do not 
die down at all, but 


121. — EfYi't l of increasing t lic rciroaiitioii 
too far. 




Kig. 122. — Retroaction still furllior ineroasiU, 
|)rocln(‘ing self-oscillation. 




M/ 


persist. This is shown 
in Fig. 122. If ‘these 
con t-inu ( nis osci 1 1 atit^ns 
are rectifi(*d, only a 
steady current wjll nor- 
mally flow through the^ 
tele])hone rectuveis. 

Receiving Circuits 
employing Retroaction. 

— We have seen how 
weak oscillations may 
be greatly strengthened 
by means of a retro- 
active c()U})ling. It now 
simply remains to rec- 
tify these magnified 
oscillations. ' A suitable 
circuit for df)ing this is 
given in Fig. 123. 

The aerial circuit consists of an inductance L|, having in 
series with it a small coil R and a variable condenser Cj. The 



Fig. 123. — Retroautivo ainjilificjr of oscilla- 
tions which arc afterwards rectified b^' a 
crystal deteetoi'. 
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E.M.F.’s produced at the top of Li and the bottom of R are 
placed acioss the grid and filament of an amplifying valve. 
The bsdllations are amplified in the anode circuit. In series 
with th(* anode battery we have an inductance L 2 shunted by 
a vaiiable condenser C 2 . 'J'he anode oscillatory circuit is 
therefore a tuned one, and not apc^riodic as was the case in 
Fig. 118. Rather Ix^tter results are obtained by having the 
anod(' circuit tun^d. Across the condenser Co is connected the 
usual detector circuit which rectifies the oscillations ta.king 
place in LoC-o- The small coil R is cou])led to the inductance 
Jjo, and by this means the oscillations in L 2 are able to act 
back on the original oscillations. 

The reader should not be confused by the various arrange- 
nuMits he will scse in this volume and elsewhere. There is 
usually a i)ractical reason for slight vaiiations in the actual 
arrangeiiKiit (jf j)arts of the circuit. The Fig. 123 circuit is 
sj)ecial]y adapt(‘.d for use with long waves. It is obviously 
inconvenient to couple a large inductance like' Lo to the main 
indirctancc'! Lj. It is a better arrangement to use a small 
coil like R, which may easily be rc'volved inside a tube on 
which Lo may be wound. 



124. — Retroactive r(;e(jivcr deseribed by C. S. Franklin. 


Franklin’s Retroactive Circuit. — C. 8. Franklin and 
Marconi’s W. T. Company have in British Patent 13,636/13 
(June 12/13) described a method of receiving signals employing 
retroactive amplification. This is shown in Fig. 124. In this 
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case a portion L4 of the grid oscillatory circuit is coupled to 
a coil Lr„ which is part of the anode oscillatory circuit. This 
saves having to couple the two large coils* and Eg. The 
potentiometer R2 serves to give the grid a suitable potential. 
The other potentiometer is used to adjust the crystal 
detector D to its best point of operation. Signals are produced 
in the telephones T. This circuit:, when simplified, is a modifi- 
catiofl of Fig. 123. The question of priorit)* of invention with 
regard to retroactive amplific^ation has been much debated, 
other inventois, such as E. H. Armstrong, claiming priority.* 
Arco and Meissner’s Circuits —in Bj-itish Patent 252/14 
(rlan. 5/14), Arcc;«and Meissner describe a method of amplifica- 
tion which employs retroaction. Theit circuit is reproduced 
in Fig. 125. The variable current to be arnjfiified, e.//. in- 
coming oscillations, is 
made to j)ass through the 
coil 6. Similar o^icil Na- 
tions are set up in the. 
coil 8 and thereby in- 
Ihience the grid 4 of the 
vacuum tube. Ami)lified 
oscillations are pioduced 
in the anode circuit, which 
includes the anode 3, a 
coil 11, another coil 12, 
and a sounHi of pqfential 
10, which may be a dynajno or battery. The oscillations in 1^ 
are made to act back on the oscillations in 8, thus effecting 
let reactive amplifica-tion. The amplified energy may be 
drawn from the coil 11. 

The principle of Fig. 125 is applied by Arco and Meissner 
in the Fig. 126 circuit, which they proposed to use fgr the 
reception of wireV^ss signals. Incoming oscillations passing 
through 14 induce oscillations in the closed circuit 16,^17, 
which is tuned by means of the condenser 17. The grid 
oscillatory circuit is coupled to the closed circuit at 8. 
The oscillations having thus been passed on twice, are made 
to influence the grid 4, and cause amplified oscillations in the 
anode circuit which is coupled at 12 to the closed circuit, thereby 

* E. H. Armstrong claims retroactive amplification in British Patent 
147042 (Oct. 20/13). He has proved in American Courts documentary 
evidence, dated Jan. 3/13, describing his invention. This date is earlier than 
Franklin’s. 
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Fid. 125. — Arco and Meissner’s 
arrangement. 
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amplifying by retroaction the oscillations flowing in that 
circuit. It should* l)e noticed here that the oscillations in the 
anode chx'uit njay, with jiractically o(|ual (^fticiency, be ca.Tised 
to react on tin*, acM'ial circuit, closed c.ircuit, or grid oscillatory 
circuit. ' Kor example, the coil in the a, node circuit of Fig. 120 
might be made to u'troact on the coil 14, the coil 10 or coils 
in that circuit, or the grid inductance. Having amplified their 
incoming oscillations, Arco and Meissner proceed to flete( t 

them by connectnig a 
\l/ crystal detect-oi' 19 and 


13 



Fig. 12G,- -Aiiotlior Arc-ti and cio’uil 


tel(‘pliones 21 across a 
porti(»n of the closed 
circuit. Although it 
is more usual to con- 
n(‘ct the detector across 
the whole of tJu^ in- 
ductance in a ciic'uit, 
the TelefunlvCJi ('oin- 
])any (of which Arco 
and Meissner are <*n- 
gineers) invaiiably pre- 
fer^ to connect, it acToss 
only a portion of the 
jiiductance. Their idf^a. 


which is certainly t‘fl'ect,ivi in jmictice, is that the loss of 
E.M.F. across the detector by connecting, it across only a 
j)ortion of the inductance is more t^han compensated by the 
fact that tlie damping effect of the detector on the oscillation 
is thci’eby made less. The variabh*, tapping shown on the 
coil IG will therefore not confuse the ](‘,adei-. It iilay bo as 
well to point out another generalisation : the detector circuit 
mighf. be connected, with equal cfleet, across the grid oscilla- 
tory circuit or across £hc inductance' ineUuled in the anode 
circuit. Tli(i latter arrangement is generally to be ])rcf erred. 

Aiiolhcrcircuitdescril^edbyArcoandMeiysiierwliich interests 
us at present is that of Fig. 127 ; there the incoming oscillations 
induce into the closed circuit 8 and so cause amplified oscilla- 
tions in the coil 11. This coil is coupled to a circuit 10, 17, 
which includes a small coil which retroacts at 12 on a portion 
of the grid oscillatory circuit, which this time is the secondary 
receiving circuit. The detector circuit 19, 20 and 21 is con- 
nected as usual. The anode oscillatory current only retroacts 
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in this case after passing through two coiii^ling arrangements. 
A circuit might be designed where it only acted on the orjginal 
oscillations after a dozen coujdings ; the pfiiiciple wduld still 
be the same, and the reader who is a student should realise 
this once and for all ; otherwise the circuits he will meet with 
will always present difficulties. 

T]}e circuits of Ai’co and Meissner are object lessons, as they 



PTq. 127. — ^Another circuit dcscnlx'd by Arco and Miussiicr. 

show what dill'ei'iMit circuits may be arranged using the basic 
(urcuit of Fig. 118, 'J'h(‘,y were designed originally for use with 

Urn Lieben-Reisz-soft vacuum tube relays, but are equally 
suitable for use with modern types. Lower anode voltages may 
be used and a battery employed instead of a D.C. generator. 

Special Circuits.— We will now consider a number of retro- 
active circuits utilising a valve as a retroactive amplifier and 
a caystal detector as a rectifier. An example of this type 
of circuit is givcm in Fig. 128. Thg potential of the grid is 
varied by moving li sliding contact along a resistance R 2 con- 
nected across the filamcmt heating battery.* The condei^ers 
and C '4 are connected acuoss parts of the circuit which 
would act as impedances to high-frequency currents. A 
step-down trajisformer T 1 T 2 and low-resistance ’phones T are 
connected in the detiictor circuit. A resistance r was includcid 
in the anode circuit when valves of the soft type were used. 
The circuit will, however, work excellently with modern 
vacuum tubes without this resistance. 

* "J'his usually lias no advantage in ease of modern valves 
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A furtlior doveV)j)ni(nil of tJio Fiir. 128 circuit aviis to bring 
the d/3tcctcd current ba(*.k into the I'rid cinniit aivl so amylify 
it. This “ double-magnification circuit, which is exceedingly 



Fk 3. 128.— Rolrcuu livo cjnMiil ukjji«^^ (*rystal as 

sensitive, is shown in Fig. 129 . The oscillations passing 
through Li and R impress high-frequency E.ll.F.'s, tlirough 
C3, on to the grid. Magnilied oscillations are ])roduced in the 



Fig. 129. — A doubJo-magnification rotr(>activ<^ receiver. 


anode oscillatory circuit L2C2. Theses are rectified by the 
detector D. The rectified current passes through the primaiy 
Ti of a step-up transformer T1T2. The pulses of potential are 
conveyed ‘ from the secondary T2 to the grid circuit and so 
cause audio-frequency variations of grid potential. These 
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variations are magnified by the vacuum tul^e and pass through 
thejprimary ^3 of a step-down telephone ti ansformer the 
secondary terminals of which are connected to a pair of low- 
resistance ’phones Ts. The 
windings T2 and T3 do not 
afi’ect the high-frequency 
oscilljjitions which take the 
shunted and easier paths 
through the condensers CI3 
and Cg. 

Low-Frequency Retro- 
action.* — The iTcnefits of 
retroaction are not confined 
to high-frequency currents. 

Fig. 130 shows an arrange- 
ment by which low-fre- 
quency current variations 
may be strengthened. The 
through the winding Tj 



Ekj. JJiO. — Rotroiictivo ainplilicatioa of 
lo w-f re([ uonoy oiirrei Uh . 




current to l)e magnified is passed 
The voltage is stepped up in To. 
The amplified current variations in the anode circuit arc passed 
round the winding R and retroact on To. If the coupling 
effect between R ^md T2 is made too great tli(^ valve will 
oscillate of its own 
accord at a low' 
frequency which, 
if wfithin tire 
audible jange of 
the human (^ar, 
will produce a 
buzz. 

Low-fr(‘,quency 
retroaction was 
suggested by 8. G"*. 

Brown for use with 
his special two- 
clectrodc amplifier . 



1 


Fjg. KU.- 
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-Circuit in wliich low -frequency iini^ulses 
iirc. retroactively ainj)li(Ie(l. 


An example of low-frequency retroaction is given in Fig. 131, 
which shows how rectified pulses in the anode circuit of a valve 
may be re-amplified. A condenser across may be added. 

Detection and Amplification in the one Valve. — The 


* Taken advantage of in British Patent 3950/15 of \j. de Forest, 
t Set*, p. 53. 
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disadvanta<fo of t|io circuits we have been describing is tlie 
difficulty of adjusting the crystal detc'ctoi*. This jis frequently 
a source of trouble, es])ecially when there is vibration, as in 
an aeroplane. Sonu^thing inon^ robust and needing less 
attention is desired by most (»perators. The use of c’lystals 
has therefore fallen largely out of favour. This has been 
caused by the introduction and development of circuits in 
which only valvi^s'are used. 

This deve]o])ment a])])ears to be childly du(‘ to E. 11. 
Armstrong, of U.S.A., who was on(‘ ol llie first to make ojie 
vacuum tube carry out various dutiiss at th(‘ sanii*. time. 

Marconi’s Wireless Tclegra])li C‘omj)aijy, jfnd II. J. Uound. 

ol)taiu(‘d J British J*atenT 



Fig. 132. — Sliowili^x a \alvc used 
siiiiultaiieoiislv as a dotootor and 
retroactive attij)liij('r. 


284K.V1'> (Ihr. \)!\:\) for an 
arrangeme.nt wJiicli lias been 
very extensively used. Eig 
L‘k2 shows* the arrangement, 
which is intended for llie re- 
ception of continuous waves 
but juiglil be used for the 
rece])tioii of spark signals by 
means of retroactive ampli- 
fication although this us(‘ is 
not described.* Incoming 
oscillations are induced^ into 
the giid (^.’.cillatory ciicuit 
(f. Itignified oscillations are 
set up in th(‘ t lined plate oscil- 
latory (‘irciiit c. The poten- 
tial of the giid is adjusted 


by means of a i)otentiomet,er arrangemenl , and the anode 


battetiy and the filament current regulatoi- are also adjusted so 
that the valve is being used at one of llii^ lAnds on its anode- 


curi;ent curve, or preferably, on the bend of tlu^ giid-curreiit 
curve. Rectification is produced, and the signals are detected 
by the telephones. We hav(‘, therefore, in th(‘, anodic circuit 
high-frequency current variations superimjiosed on thi' audio- 
frequency variations. The radio-frequency (‘.omponent of the 
anode current does not affect the telejiliones. A condensei* of 
about 0 001 mfd. is usually comiected across the telephones, and 


* The piitent claims means for receiving eontijiiioiis wavi‘s hy deluniiig 
circuit c. 
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sometimes also across the anode battery, to j^llow a readier path 
for these higji-frequemjy current variations. If the condeiiser is 
not used, the capacity of the cords ajid windin5;s of the telephones 
affords a fairly good fiath. The high-frequency conqxinent, how- 
ever, sets up oscillations in the anode oscillatory circuit which 
retroacts, by virtue of the magnetic coujding betweeneand a, on 
the gfid oscillatory cii’cuit a. The coupling is so adjusted that 
the circuit just fails to oscillate of its owm accord. Tlie oscilla- 
tions inc ai'e then considerably strengthened, the rcx'.tilication is 
greatcu, and the signals in T are louder. If desired, the circmit 
e may be coupled to the acuial circuit with equal cdfcict. 

Jn ar.Tanging*a circuit of this type, the retroactor may 
conveniently be })laced at one cuid of the cylindrical inductance 
in the grid circuit. The retroactor may lie revolvcxl about its 
axis or may slide in and out of the inductance in the grid 
circuit. At the other end of the grid coil may be placed the 
acuial coil, which iif a similar way may revolver or slide in and 
out. It will usually be more conveniciiit to use a small coil 
for this purpose, in series with a variable aerial tuning 
inductance. 

It has been suggested that rectification on this circuit may 
be accomplish (‘d by using one of the bends of the anode 
chaj*acteristic curve. There is a disadvantage in doing this. 
Although the rectification may be good, the amplification will 
be small and the radio-frequency oscillations in the anodci 
circuit will be ol-small amplitude. It is therefore probably 
better on this t}"pe of ckcuit to use grid cuij ent rectification 
by adjusting tlui potential of the grid to the bend on the grid- 
current curve. This effect may be obtaiiu'd by simply comiect- 
ing the grid, tyld the grid circuit inductance to the negative 
end of the filament. A grid condenser may also be used to 
obtain a cumulative effect. When these grid-cun ent re( 4 tifica- 
tion methods are t&nployed, an operating point on the straight 
steep portion of the anode curve may be used, and strong 
amplification of the radio-fre(]uency component is obtained. 

Efltect o£ Asymmetrical Retroaction. — It is to be noticed 
that when rectification is taking place, the radio-frequency 
component does not consist of uniform sinusoidal oscillations. 
When rectification is obtained by means of grid currents, or 
by adjusting the valve to a point on the saturation bend, the 
normal value of the anode current falls and the negative half- 
oscillations are magnified to the greatei- extent. This is 
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clearly shown iu Jfio. yo. Only when the valv(i stops recti- 
fying. do the half-oscillations hocoine uniformly amplified. 
Since tlie negativl^ half-oscillations in the anodes circuit are 
more developed than the jK)sitive half-cycles, the retroactive 
effect of the formej* will be the greater. When a negative 
half-oscillation is flowing in the anode*, circuit a negative half- 
oscillation of the incoming signals will be taking place yi the 
grid oscillatory cilcuit. The two eflects. thej’efore. help each 
other. The efl’ect, then, of retroa(*tion in a (*ircuit like this 
is not just to strengtlieii and j)rolong the ijicoming wave-train, 
but to accentaaUi the diflerciuce in amplitude between positive 
and negative hfilf-cycles. if the valve is bVing used at the 
initial point of saturation, and if llu^ anode curve lies well to the 
left of the grid zero ordinate, the variations of grid potcintial 
will be symmetrical ; the asymmetry of tin* anode curi ent cui vc* 
is responsible for the ri’ictification obtaiiu‘d. Now if we couM 
make tlie negativ('. half-oscillations strongc^r tJian the j)ositive 
half-cycles we would get still stronger r(‘ctifiod (uirrents. This 
is accomplished by the letroactive amplification obtained on a 



FlO. 133. — A ])rarti(!al fircuit ii which a 
valve acts siimiltaiicuusly a a retro- 
active amplilier and as a^lett ‘tor. 


circuit of the Fig. 132 
t>'|)e. which causes the 
reti’ojK'.tion of the negn- 
tive hall-eyeles to be 
greater than that (d tlie 
])ositive ones. Wluui 
r(‘.clitieation is obtained 
ijy means of grid (uir- 
Yvwt j)lienomemi, lh(‘ 
variations of grid j)oten- 
tial are not symmetrical ; 
tfie result of I’etroaetion 
is then to accentuatti 


this adymnu^try on which 
the, strength of the rectified signals depend. 

This effect is usually overlooked when discussiug eijcuiits 
of this type, hut it is one of eonsiderabhi importance. 

Simple Form ol Retroactive Receiver.-- Fig. 133 shows a 
very simple circuit which can be usc^d for retroactive amplifi- 
cation. A grid condenser of about 0*()()()3 mfd., shunted by a 
resistance / of about 3 megohms, is used for obtaining rectifica- 
tion. No potentiometer is required. The filament current 
and anode voltage are variable and are adjusted to give tlie 
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loudest signals in the telephones T. If the filament-heating 
accumulatoi; is of suitable voltage, the filament^ current 
rheostat may be omitted. The coupling fic^twccn R and Lj 
should be variable. In cases, however, where it is desirable to 
keep the coupling fixed, the valve may be made to pass through 
the p re-oscillatory stages by increasing the filament current 
until fhe loudest signals are heard.* The best method, however, 
is to vary the coupling between R and Lj. The retroactor coil 
R, which is aperiodic, should at first be loosely coupled to Lj. 
The aerial timing induc.tance Lj and the variable condenser Cj 
are then tuned until the loudest signals are obtained. The 
anode battery II and theiilament (uirrent regulator Ri are then 
adjusted to give the maximum resj)onse in the ’phones T. 
Then tighten tlie coupling Ix^twecn R and Lj gradually. 
Signals will become louder and louder, and will become a little 
harshei- in tone. When the coupling is tightened still further 
the valve commertbes to oscillate of its own accord and a 
continuous rustling sound is heard in the ’phones. Signals will 
still be heard, but the distinctive notes of particular stations 
will be lost ; all stations, no matter what their spark frequency 
may be, will give tlu'. same low, harsh note in the receiver. The 
explanation of this, effect does not come within the scope of 
this chapter, but is given later. It may be that on tightening 
the coupling still furMier a continuous high musical note is 
produced which is due to the oscillatory cii*cuit a(;ross grid 
and filament osefflating at two slightly different frequencies^ 
which interfere with earh other and producjc a continuous 
“ howl,” the exact nature of which is discussed in the chapter 
on heat reception. This howling is often produced by setting 
the (jondenser Cj at too low a value. It is stopped by setting 
Cl at a higher value and loosening the coupling of R. 

Tuned and Aperiodic Anode Oscillatory Circuits.— In Fig. 133 
the anode circuii? is aperiodic. This arrangement has the 
advantage of recpiiring less adjustment The aperiodic 
retroactor has a natural frequency which should be less than 
the frequency of the oscillations which will have to pass 
through R. If the circuit is to be used, say, for receiving waves 
from 200 to 1 ,000 metres, the coil R should not have a natural 

* This is probably usually due to a slight steejK'uiiig of the anodc-current 
curve, which produces a greater am])lifying effect. In certain cases it may 
be ^ due to an alteration of the jiosition of the operating point on the 
characteristic curve. 
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wave-longtli of mprc than 200 iiietixis. TJiis iiatuial wave- 
len^tji ina,}’ easily be calculated. , 

ISucll aj)eiiodi(: coils are not- so suitable^ when the wave- 
leiif^tli received dilTers coiisidej’abl}^ from the iiatiual wave- 
length of the jectioactor coil. W hen it is desired to cover a 
considejable Jaiige of wave-lengths, it is j)ieferable to use 
different values for the retroactor coil. It should, lor exani])le, 
be tapi)ed off into'sc^ctions, a larger numbei* ol tuiiis being used 
whejj long wave-lengths aje to be leceived. 

Although aperiodic coils are undoubtedly wry useful in 
Jiiiode cii’cuits, hiss interference froju otluu- stations is usually 
• exj)erienc(‘.d when the aiiod(‘ circuit is accuraV ely turned to the 
incoming w^avc ‘-length. The amj)li(ication effect is also in- 
creased and may be of value when w(‘ak siiiiuils aie being 
received. 

It must b(^ nolic(‘d, however, that- if the ajiode circiiit is 
made so that it can b(‘ tumd (c.//. by conn(‘cting a variable 
condenser across Jl), it^ must always be t.nm‘d. or V(*ry neaily 
tnnecl, to the samci fretjuency as tlu‘ incoming oscillations, 
oth(*Twisc the strength of signals obtained will be greatly 
decreased. A badly tuned anode circuit is inlinitely worse 
than an a]»eriodi(; anodes circuit. , 

Direct Magnetic Retroactive Coupling. — Wo. havt^ so fai* 
considered the use of a retroactor coil ' to obtain the spcHual 
kind of amplilication under consideration. There are, how,ever 5 
at least foui’ methods altogether of obtaining retroaction. 
The foul’ methods of coupling the jdate circuit to the grid 
circuit are : — 

(1) Indhect magnetic coujiling. 

(2) Direct magnetic coupling. 

(3) Electrostatic coupling. 

(4) i Conductive coupjiing. 

All retroactive circuits employ one or otliei’ of the above 
systiuns of coupling, although sometimes in a disguised form. 
There is not very much to choose fiom in the various 
circuits which have from time to time been devised. They 
mostly acc.omplish the same result, although in different 
ways. 

W^e have already seen the ways in which rctroact on may 
be obtained by indirect magnetic coupling ; a simple oscillation 
transformci* is used. ^Vc can, however, as stated above, get 
much the same effect by the use of an auto-transformer 
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coupling, which is the simpler meaning of the expfession 
“ direct magnetic coupling.” * 

*Fig. 134 shows a circuit in whicli aut-o-twmsformer«coupling 
is utilised to produce I'etroaction. The closed receiving circuit 
consists of a c.oil Lo, another inductance and a varia})lc 
condenser ( This c-irc.uit is connected across the grid and fila- 
ment of a valve, and prodiu^es radio-frequency ciu’nuits in the 
anode circuit whudi consists of the anode P,J)atf.erv H, '})hones 
T, induefance L 4 , a part of the inductance L 3 from S to E, and 
the filament. F. A sliding (*.ontact S moves along the coil Jj 3 and 
so regulates tin* amount of L.^ tha.t is in(‘luded in the anode 



Fui. -Cnvuit iki \\ lin l) ji.utn-(;()uj)Jiii}i ])r(Kliic(‘S rotroji-ctioii. 


circiiit. When S is at tlie bottom end of L., there is no retro- 
. . . *’ 

action, but wlien S is al- a position such as that shown, tli^ 
portioiuSEof L 3 isco?nmori to botli ajiode and grid circuits, and, 
owing to the auto-transformer (*ou])ling, the oscillations in the 
anode, circuit retroact- on those in the grid circuit. The degree 
of retroaction will depend on the position of R. Tf we desire 
to tune the plate circuit more accurately we can tune ilie 
variabh^ indiic.tamie L 4 in tlie anode (•ircuit. * 

Theory of Auto-Coupled Retroaction.~The Huh)!)' of the 
action of such a circuit as Fig. 134 is intei’csting, since it’will 
hel]) us to understand lh(^ piinciple of retroactive amplification, 
and also will jirevc^nt us from comiecting up similar circuits 
which will not woi’k when the time comes for the practical 
experiment. 

If retrocTctive amjdification is to be obtained, the energy 
communic.ated from the anode oscillatory circuit to the 
grid oscillatory ciicuit must lesult in a reinforcing of the 
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oscillations in each ciicuit. Since the oscillations in the 
anode and grid ‘circuits arc of the same frequency all 
that 'is necessary ’s to sec that the oscillations fed batik ’' 
from the anode circuit to the grid circuit are in phase 
with the oscillations taking jJace in the grid oscillatory 
circuit. If tlie oscillations ai-e induced back into the grid 
circuit in a rev(Tse manner, any oscillations in the grid 
circuit would be neutialised by the reverse-phase oscillS.tions 
communicated by the anode circuit. Looking at Fig. 134 
we can consider two distinct oscillatory circuits, the grid 
circuit L2L2('2 anode circuit L4 and the portion 

SB of L^. This anode circuit might be >*uiied if desired. 
It is a well-known tact that if two oscillatory circuits Jiave a 
portion of an inductance m common ^ this jiortion in our case 
is SB. When the connections are as shown, a lisiiig positive 
potent ial on a grid will produce an increasing current, througli 
the anode circuit. This current through .SB will strengthen 
the existing current, which results in a rising positive ])oteiitial 
on the grid. In Fig. 134 , the coil L4 could be omitted. We 
can now consider t lui circuit L2L3C2 as the anode oscillat-ory 
circuit which is energised by curj*ents passing llncnigh a 
portion of the inductanc(‘. The grid is connected to th(‘ 
point in this circuit which will produce reti-oaction. 

Single Circuit Retroaction. — Tlie previous section brings us 
t/O what one may conveniently call “ single circuit retroaction. 
That is to say, only one oscillatory circuit, js provided. The 
'commonest niethod— and, iucideiitally, the best —of obtaining 
regenerative action is to provide an anode circuit coil coupled 
to the grid circuit inductance. Tlie advantage of this arrange- 
ment is that the coupling between the two coils may readily 
be varied between zero and maximum by lotating one of the 
coils or varying the distan(*e between them. A very fine 
adjustment of retrojK^lSon is thus obtainable, and practice 
shows that variable back-couj)ling ” is a very important 
factor when reciving undamped wave (or “ spark ”) signals. 

One of the disadvantages of a retroactor coil is that the 
receiver requires two coils, while another is that a given anode 
circuit coil will only give good signals over a certain range of 
wave-lengths. The best conditions arc those when the anode 
circuit coil has a natural .wave-length approximating to but 
slightly less than that of the incoming signals. A retroactor 
coil, unless of high resistance, possesses a natural wave-length 
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as a result of its inductance and distributed capacity, aifd this 
wave-lenj^th should be just less than the lowest wave-lenf^th 
it i» desired •to receive. A receiving set will almost invariablv 
require two ranges for the retroactor (^oil if a complete range 
of wave-lengths js to be covered. Matters may be somewhat 
improved by winding the retroactor coil with resistance wire. 

These disadvantages are largely absent when only one 
oscillatory circuit is provided. This circuit may be directly 
or indirectly coiqilcd to the aerial. The inductance is con- 
nected across grid and anode, while the filament connection 
is taken from a sliding contact on the inductance. By moving 
this contact the* retroaction may be varied. Such a circuit 
is similar to Fig. 134 without and witli S connected to the 
bottom of Co. The filament connection slides along L 2 (Ljj 
being omitted). 



Fig. 135. — Circuit ciMployin^ cfijiacitativc coui>liug to ju-oduce rclroactionr 

Electrostatic Retroaction.-— The third method of obtaining 
retroaction is by using an electrostatic capacity coupling 
between *anod(‘ and grid oscillatory circuits. 

Fig. 135 shows a retroactive circuit which is simply an 
ordinary circuit containing grid and anode oscillatory circuits 
coupled by mean* of a variable con'denscr C 0 , which has a 
capacity of about (tOOOl rnfd. There is no actual magnetic 
coupling between 1^3 and Lo, but retroaction is obtained by 
means of the condenser CV,. By increasing the capacity of Cg 
the retroaction increases until a point is reached when the 
valve oscillates of its own accord. The condenser Cg has the 
effect of increasing the capacity effect between the actual 
anode P and the grid G. The capacity of the grid in a French, 
R, or Ediswan type ES4 valve, is about OOOOOID mfd. 

Conditions lor Electrostatic Retroaction.— The degree of 
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retroAction will dojx'iid not only on th(^ caj)ucitv of Cg, but 
also on the self-incluetance (»f the coil JJ3. 1’he ain]>lification 
obtafned will de])end on the* product L^xC-^. This ])ro8nct 
should be l(\ss than the product (-apaeity Cp, 

and th(^ inductance sliould l)e variable. When L;iXtV> 
small, th(^ r(*lroactive ain[)lilication is jueatest when Jj^xC'g 
is just below a certain critical value. AVhen L^xCV, above 
this value tin* vacuum lulx* commences to (Kscillate of ifis own 
accoi'd. 

AVhen L^Xt’o is small and the s(‘lf- inductance of L3 is 
large, retroactive a.m])lification may 1ak(‘ ])lace owing to the 
cou])ling ehented h\ the small condenser foimed by the anod<‘ 
and the grid. Conditions may ('V(‘n he such that sustained 
oscillatio]is are set ii]) in the circuit. 

Armstrong’s Circuits.— This |)eculiar fact, was ]iotic(‘-d and 
ex])lained by E. H. Armstrong,* iji 19i.‘). Jl(‘ found that when 
using the vacuum tulx^ as a dete(‘t.or iionsiderably better 
results were ol)tain(‘d when th<^ anode circuit was tim(‘d. He 
used a circuit sonu'what similar to that of Kiu. ISO. In the 



P'la. 130. — Showiriji tlio usr ot an iiidiic-tancf in llio ainxt* circiiif of a valvo. 

anode circuit he included a variabh*. inductance L3, which was 
found to give stronger,, signals. The (explanation li('.s in the 
fact that the s('lf-inductance of Lg acts in* a ‘‘ r('.generativ(^ ” 
(asche f,erm(d it) manner on the gi'id circuit through the 
electrostatic coupling existing within the tube its(Jf . 

As has been explained, if this coupling is not suHicient, it 
may be vai'ied by conn(‘cting a small condcmscir across the anodt‘, 
and grid. 

Kig. VM shows another Armstrong ])atent (British 

* Britii-'i Patent 147U42 (Got. 21*, J3), Proatdings lnnt. Radio. Eng., 
Sept. 19 J 5. Armstron" lias been allowed in tlu‘ Aineucan J^atont Offiee 
the date Jan. J913 as that on whi(;h ho invented •* rrgencratjon.” 
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Patent 24231/13 (Doc.® 18/13). The telephone receivers 
are shown at R and are shunted by a irariable condenser 
C 2 . , The repeivint]; circuit SOL is connected to th^ f^rid (» 
by a condenser Cj, and to the filament FTiv a condenser C.y 
and the telephones (or other suitable inductance) R. The 



Fig. 137. — One of Aniislroiiu’s l ireints. 


anode circuit includes the inductance Li, condensers ('j, C 5 
and also the condenser C ^2 inductan(‘.e R. A battery B 
and impedance L 2 are arjan^ed as shown. The impedance 
L 2 , which may be a pair of 'phones, does not produce 
the radio-frequency* coupling which is effected by the self- 
inductance of L|, and esj)ecially by means of the capacity C 2 , 
which is common to bbth j^rid and anode circuits. 

Another form of Armsti'oni»'s circuit is shown in Fij»’. 138. 



Fio. 138 v -AnoUicr form of circuit cliiiiiu'd by Armstrong. 

Here the anode oscillatory circuit may be tuned by means 
of the inductance L 3 . The coupling between anode and 
grid circuits is effected by means of the variable condenser Cjj. 

N 
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whict is shunted by an iron core inductance, such as a pair of 
telephone receivers. Tin; action of this indiu'tance is, ac-(^ord- 
ing to Armstrong, a form of electromagnetic ^Hupling., Jt 
seems, however, tliat this is not ah.og(*.ther the case, but that 
the purpose of the high self-iiidiictance is simjdy (as in many 
other vacuum liilxi connections) to ] no vide a path for the 
direct f)attery curixnit from the iilamimt- to the anode witliout 
short-circuiting the caj)acity ( 3 , whicli effects the ri'tio'ictive 
coupling. L. A. ilazeltim^ exjdains tliis,* and states that the 
use of a high non-inductive lesistance will answxu- the same 
purpose, though requiiiiig a liigher anode batteiy voltage to 
give the same normal anode current. 

The telephones T aie conm‘.cted as show'ii. I'lu*. condtniser 

C 4 is a by-])ath ior 
the high-fre(|uency 
currents in the anode 
circ.iiit. 

Fig. 139 slunvs 
anothei’ form of cir- 
cuit discussed by 
Armstrong, f in which 
llune is no tuned 
anode ciicuit. The 
letioactive coujding 
is etlected bv means 

of(V ' . 

* The Circuits of 
Lee de Forest. — Lee de Forest has-been responsible for a 
number of vacuum tube circuits ol great value. Most of 
these have the leceiving circuit connected across the anode 
and grid instead of across the grid and iilament.. J Fig. 98 w^as 
a typical set of connections. 

A somewhat simila;- circuit is sliowui m Fig. 140, which 
illustrates tlui use of an electrostatic c.oiipling condenser C;j, 
which causes the circuit to act more eiliciently as a receiving 
instnmient. To prev(mt the grid accjuiiing too strong a 
negative potential, as may happen wdien hard valves are used, 
a resistance R of one 01 * two megohms may be. connected from 
the grid to the filament. 

If the condenser C 3 be adjusted to a certain critical valu(‘ 

♦ Proc. 7.7?./;., 6, 2, 88 (April, I IN 8). 
t Proc. 4, 3, 2G5 (June, IIIIG). 

j Sec British l^atenl 3950/1.0 (March 12/14). 



Fjg. 13!l.— AuofhcT circuit cJa.iMU‘(! h.v 
Armstroii^Z. 
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sustained oscillations may take place in the circuit C 2 . 
For the reception of s[)ark sif^ials its value rfihould be just less 
thai\this.* * ^ • 

A inodihed arranuornent whi(‘h mav be used consists in 




Kia. 140. — l)c Forest firciiit in wliit-li ^‘troaction is olitaiiird liy moans ol 

c ondense T 

l)laciiii* t-he condenser i \ direct ly across ^rid and lilainent and 
eliniinatin^ the leak^R. Such a circuit ^ives very ^ood results 
and may be used for spark or continuous wave rec.eption. ft 
appeal’s to work satisfactorily without a special ^rid leak^ 

Fiij;'. 140 is a modification of Lee de Forest's circuits, and 
is sometiincs known as an “ ultraudion circuit. 

Special Form of Capacitative Coupling.!— 1^'iu. 141 shows 
a circuit iu wkich • 
retroactive ami)li- \/ 

iic.ation is obtained * ( ^ 

in rather a pecu- r 

liar manner. A** JS — — p|[ * ^ 

semicircular metal ®|L©sl C| H 

plate 1\ is cou- l,^ gtj ^ 

nected by a flex- rOl ^ hIiM ' T 

ihh; wire to the ‘ ^ 1 n J 

anode Pj of the 

vacuLiiii tube. By ^ ^ • 

placing the semi- 141. — ^llciroacitivo iini])Iiticution obtained by 

circular lilate over pbuunf' a somicii’cnlar plate P, over the »dri- 
r 1 duetanee coil L,. 

a portion 01 tJie 

inductance coil retroactive amplification is obtained. The 
effect appears to be similar to that obtained when a condenser 
is connected across the anode and grid of a vacuum tube. In 

* Dc Foiest elaiins that with Hiinilar circuits he was the first to make a 
vaeuuni tube oscillate. 

t Apjiareiitly due to E. E. Rueber. See also IVirf h.v.s A(jc, tiuly, 1910. 
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this case, the capacity of the turns of L 2 acts as one side of 
the condenser while the other side c-onsists of the plate P 2 . 

Rcti-paction may be obtained in several wayj>. The plate 
P 2 may, for examjile, be placed on tlie inductance Lj. Another 
arrangement is to connect tlie plate P 2 to the variable ccmtact 
on L 2 instead of to Pi. An inductance is now provided in 
the anode cinuiit of the vacuum tube and the semi-circular 
plate is placed on this coil. 

The d(igi‘ee of retroaction may be varicnl by altering tin? 
number of turns which come under the influence of P 2 . Thi* 
value will vary w'ith the wave-h^ngth. Tlic cajiacity between 
. Po and the induc-tanc-e coil will require to be grc^atei' for short 
waves thcan for long waves. 

Retroaction by means of Resistance Couplings. — We have 
now considered how retroaction has been ol)tained by means 
of direct and indirect magnetic coupling, and by electrostatic*. 
coupling. We now come to what may bt^ called “ conductive ’ 
or “ resistance coupling. 

ljU Fig. 142 is a cir(‘uit in which the retroaction is obtained 



Fia. 142. — Ki*trosi(;iivc obtained by iriwtns of r/*sisianci; 

coupling. 

by the resistance R, which is non-in due tivc*. and of a rather 
low xalue. It has the* disadvantage of tending to damj) the 
oscillations in the grid oscillatory circuit, b'ut it illustrates, the 
use" of resistance retroaction. The* lesistancc* R is shown 
with a variable tapping or slider. 

If a resistance be included in the anode* circuit of a valve 
and one side of the* input circuit is connected to a point 
on this resistance (the other side being connected to the 
grid) the retroaction obtained will produce absorption.* If, 

* Snmetiiiic.M t(;rmfd “rcvcirse rcti*oac,lion " bcfiiiisc the reverse of 
airiplilie-atioii takes ])laee. 
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however, two valves are used,* coupled by resistance, suitable 
retroaction is obtained and is exceedinj^l y valuable, especially 
when steadyfcpotentials are to be ma^nifie^. This pi’irfciple 
j)f resistance retroaction is used in W. H. Eccles’ trifr.iJjer 
relay and L. B. Turner’s “ kallirotron.” These important 
devic(^s are described later. 

Weagant’s Retroactive Circuits. — Roy A. Wea^ant favours 
the circuit shown in Fig. 143 , which may^be used success- 
fully for the reception of damped waves. Across the anode 
circuit of a vacuum which is IxMug used in the ordinary 
way as a detee-tor, is connected an oscillatory circuit L3C3, 
which may be tuyed. Tliis circuit has been called the “ X ” 
or tertiary (ircuit, and it acts in a retivactive way similjir to 



I^^G. 148. — Wcagant receiving circuit. 


that of Armstrong’s tuned anode circuit. This anode oscil- 
latory circuit may be coupled to a greater or less degree to the 
steady current anode circuit by adjusting the condenser 03.® 
It is to be noted that only oscillatory current flows in the 
circuit L3C3, the steady anode current, varied at aiidio- 
frequencji, passes via the .anode battery H and the telephones 
T. Oth(U‘ inventors' have also used this circuit. 

Combination Retroactive Circuits. — Two or mor(i methods of 
obtaining retroaction frequently act t(^ether or in oppoffttion. 
The most usual arrangement, and the most (;onvenient one, 
is to have an anode oscillatory circuit retroacting on the grid 
oscillatory circuit by means of a radio-fiequency transformer. 
In this case there is always a certain amount of electrostatic 
retroaction due to the capacity of the electrodes in the vacuum 
tube. This at times, in certain types of tube, may cause 
continuous self-oscillation, even when the anode oscillatory 

* The author has produced rosistaiua; rotioaetion in a single 

valve of special type termed a “ iiegatron.” 
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circ.iift is rip:ht away from tho. p’id cinmit. This is a threat 
disadvantage if w(^ desire retroactive amplification. We can, 
howeVer, ])reventfthe tube from oscillating by cfausing retro- 
action wliicli will oppose that due to eh^ctrostatic influencH's^ 
This may be accomplished by reversing tlK', retroactor coil 
so as to tend to dam]) out oscillations in the otluM- circuit. 



Fit!. J 44.- -Long- wave receiving circuil ('inploying ln(llI(■t]V(^ and 
(•a.|>aci1a1ivc ci>n])liim. 

Even this is jiot» always effective, (‘S])ecially wdien the s(;Jf- 
inductance of the grid and anode circuit inductances are large. 
Oscillations may even be sid* u]) when the reti^oactor is reversed 
and tightly couj)led. To avoid this a ^nssistance ma\' be 
included in the grid oscillating circuit. 

Frequently, hoM^ever. the op])Osite 'effect, is desirc'd. The 



retroactive effect ma.y not be sufficiently strong, in which case 
it can be increased by cf)nn (acting a variable condenser across 
the grid and anode of the vacuum tube. This is shown in 
Fig. 144. Additional retroaction is obtained by means of C4. 
It may be used in cases where only small wave-leiigtlis are in 
use and the grid and anode inductances are of small dimensions : 
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or where the couplintj; coils are small and their mutual induct- 
ance consequently insiinicient to provide sufficient retroaction. 

A Modified Weagant Circuit. — Kij^. 145 a Weagayt drcuit 
in whi(di retroaction is obtained part ly by coupling the anode 
and grid oscillatory circuits by means of a radio-frequency 



transformer L;^L 4 . The coils L 4 and L.^ may be fixed ir)^uct- 
ances forming jiari of th^^ anode and grid oscillatory circuits 
respectively. 

Another Retroactive Circuit. — A c.i remit similar to that of 
Fig. 146 has been discussed by E. H. Armstrong.* The c.on- 
nections will be seen ^ vi/ 
from the figure. ^ 

He P,ont(Mids there 
will always be a 
])oiut. Y on the in- 
ductance Lo whicJi 
has tht> same in- 
stantaneous poten- 
tial as the point Z. 

[f the capacity pf 

equals 1 hat of (^3 
the point will be 
about half-way 
along the used portion of Lo- For a given adjustment, we 
might them ■c.onnect the points Y and Z by a wire without 
altering the action of the circuit. This wire would, however, 
make the special position of the telephones umiecessary, since 

* Proc. I.H.b:., 3, 2. 150 (April, 1917). See also RriLish Patent 107001 
(May 23/10) ol h. de Forest. 
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it would provide a path lor the steady anode current to flow 
from anode to filauient. The circuit could therefore be re- 
drawn as in Kio. 1^7, which is an ordinary retroaftive cirowit. 
Such an ar^mnient. is hardly correct, because in Fii*. ]4() there 
is not necessarily any electronia<;netic couplini^ b(;tweeii the 
upper and lower ])arts of L 2 . 

Some Typical Retroactive Circuits. -In Fii>:. 148 is a collec- 
tion of retroactive^ circuits freepiently used for the reception 
of undamped waves. Fi^. 148 (a) shows a loose-coupled 
arrangement in which the retioactor is aj)eriodic. Fiii. 148 (b) 
shows an auto-couph^d circuit in which the letroactor is 



Fig. 148 (r/), (?;), (r), {d). — Various retroactive receiving eirciiits. 

aperiodic. Fi”. 148 (c) is a similar circ.uit in which the aerial 
circuit is coupled to th^' jijxid oscillatory circuit by means of a 
condenser C^. Ketroaction is obtained V)y means of an 
aperiodic; retroactor coil. 

Fig. 148 (d) is a ty])ical circuit in which both grid and anode 
oscillatory circuits are tuned. Fig. 148 (r) is a circuit not 
previously described but- which presents no specially new 
features. The aerial circuit forms part of the anode oscillatory 
circuit and not the grid circuit as is more usual. The grid 
oscillatory circuit R is now made aperiodic, and is coupled to 
the anode circuit. Oscillations in the aerial circuit induce 
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oscillations in the retroactor, which cause hij^h-freqfiency 
variations of the grid potential. Magnified^oscillatioris are set 
up •in the «anode circuit 
which assist the incoming \l/ 
oscillations. Tt should be 
noted that the high 
potential end of the 

retroifctor should be 

(connected t^o ihe grid of 
the valve,. The obvious 
development of this cir- 
cuit is that ill Fig. 148 ( /*), 
which now^ show^s the grid 
oscillatory circuit timed. 

The circuit of Fig. ]48(//) 
shows the grid and anode 
osc ill at( )r V cl rc u i ts /m > u } >1 ed 
by means of the condenser 
C3, the actual inductances 
being apart. Fig. 
is similar to Fig. 148 (7), (/) 

except that the inductances )._jU‘troactivc circuits, 

arc now coupled iTogether No moans of dotoolion is shown. 





Thermionic Vacuum Turp:s. 

iriagnVitically. Tho circuit of Fi^. 148 (;) has already been 
explained. 

Ail tjie abovt‘ ^.ircuits may be used in a varv'ty of wfiys. 
They may be made to rectify as w(‘ll as amplify, in which case 
a leaky ^jjrid condensiu* may be conn(‘.cted in tlie ^aid circuit 
and tele])hones in the anode circ.uit ; any of the other methods 
of obtainiiu*; rectification may be em])loyed ; in this volume, 
however, the author jHoposes in nearly all cas(‘s to show a 
leaky <j;rid condenser wlienever he wants to indicate that the 
vacuum tube in question is meant- t-o function as a detectoj*. 
A small orid cell will usually be showm when Ili(‘. tube is merely 
actiiiL!; as an am])liti(u-. 

When the vacuum tube of Fi,i». 118 is nn^aiit to rectify, a 
})air of hiiih- resistance 'jhoiUNs (or a t-elophone transformer) 
shunted by a cond(‘ns(‘r, is inchubd somewhere in the anode 
circuit, pi’eferahly near to the filament. 



I Fia. 140 . — Highly selective* reimaoti VO’ circuit. 

If the valve is merely to be used as a retroactiv(‘ am])lifier, 
the detector circuit (such as a c.jystal and ])air of ’f)hones, or 
anotlnu' valve act-in, t> as detector) may be coniiect-ed across 
one of the oscillatory circuits in which arnjiilied oscillations 
are taking; place. 

Two Selective Retroactive Circuits. — A fi»rm of connections 
which has been descril)ed by L. A. Hazel tine,* in a paper 
before the Institute of lladio Engineers, is given in Fig. 149. 
Retroaction is effected l)y means of the magnetic (ioupling 
between the inductances L 2 and Jjj. l^he anode oscillatory 
circuit L2C2^‘^ ncroHH mwda and (jrld, and not across 

anode and filament which is the more usual position. 

These connections are interesting since they are* very 

* L. A. Hazeltiiie, Pror. /.//./i'., 6 , 2, 01, A])ril, 101 S. Soo also.!. Sooii- 
Taggart, “ Soino Mock*rn Nacuuni I’lilx- (■irciiits,' ir//T/(.sA- Age, Oct., lOJO. 
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selective. Both grid and oscillatory circuits are tuned«to the 
incoming waves and the retroactive amplification will be 
confined to that wave-length. The waves from stati^ms* using 
slightly different wav(»-length.s on (iither side will not only be 
not amplified, but will be absorbed. The valve “ will 
therefore have a. strong tendency to reduce interference, since 
it absorbs energy from osfdllations at other frecjuencies than 
that io whi('h it is tuned. The vacuum tu^e used in this way 
for combined retroactive and absorbing action should not also 
be used as a detector ; for its grid is connected (or closely 
couj)led) to the antenna circuit LjCj. A second vacuum tube 
(or other detectr^r) should b(^- coimected in the usual way to 
the circuit wIhmt interference mgy be further minimised 

in the usual manner by the loose coupling of the two tuned 
circuits.” 

In the circuit, of Fig. 149 the detector circuit L 3 C 3 DT is 
loosely couj)led to^ the circuit L 2 C 2 ’ shown in dotted 

lines. A s(H*-ond valve used as a detector may be substituted 
for 1) and T, as we will see in the next chapter. ^ 



l<^G. niujlily .s(!k'(;ti\t; circuit in wliich retroaction is obtained by 

means of the condenser C,. The cJetector circuit is coupled to the 
inductance 

Fig. inO is ijji example of a similar circuit in w^hich, 
however, the mutfial effect between grid and anode oscillatory 
circuits is obtained electrostatically by means of a condenser 
C 3 . The detector circuit is connected or coupled to the 
circuit LoCo- 

Remarks, on Two Popular Circuits. — The type of receiving 
circuit shown in Fig. 148 (a) is very useful, but has the dis- 
advantage * of “ incrementing,” or amplifying by retroaction, 
not only the waves we desire to receive, but also the waves of 
* Loc, ciL, page 83. 
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interfering stations which have fenced themselves on to the 
receiving: circuit, own though tlui latter is not tuned to them. 
The fimplifi cation, of this type of anangeme»t, using • an 
aperiodic anode oscillatory circuit, is constant ior all fre- 
quenci(js n^ceived, and trouble is likely t.o be experienced 
through jamming and “ atruosplnuics.” 

The circuit of Fig. 118 ((Z), which has both grid and anode 
oscillatory circuits, timed, absorbs waves longer fhan a rntaiii 
critical value, but will amplify equally well all wav(‘,s less than 
this value, ft has. Iliendorc, distinctly selective qualities. 
If the retroac^tor coil is reversed, and the (‘fleet of this do(Js 
net com})I(‘,t(‘ly dest^roy the retroaction prod^u'ed by the self 
inductance of thec.oils twid th(‘ cl(‘ctrostatic coupling inside the 
valve, the circuit will amjdifv waves longer* than a c(‘rtain 
value, but will absorb the shorter waves. It is not, howevew, 
capable of doing wliat Fig. J49 does; nanndy, amplify the 
required wav(‘s and damj) out the imwant(‘d waves ol lengtjis 
on either side. 

Recommended Simple Retroactive Circuit.— Fig. iol shows 
a simple r(‘t]*oactive ar!q)Ii(jer receiving circuit suitable for 



F^g. 151 . — Rccom 111 ended circuit employing retroactive amplilication 
* especially siiitabll- for the reception oi Jopg waves. 

, any •wave-length. The anode oscillatory cirtnit is composed 
of a retroactor coil R in series with a variable inductance Ij 2 , 
the whole being shunted by a variable condenser Cj of about 
0-001 mfd. capacity. To vary the coupling between Li and 
R, the latt(‘r coil may be rotated on its axis. This circuit 
acts as a detector as well as a retroactive amplifier ; the grid 
is connected via Li to the negative end of the filament, 
and giid current detector action is utilised. A leaky grid 
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condenser might b(i nscd*if desired. The shunting condenser C 3 
across ’phones and anode battery is nut altogether neces- 
sary, the cfjpacity of the telephone leads being frequently 
sufficient to pass the high-fi‘equency curreiAs. It is,*however, 
preferable to use the c.ondenser. If the condenser C 3 is made 
variable the various stages prior to self-oscillation can generally 
be obtained by adjusting the condenser. 

\^hen “ listening-in/' the anode oscillatory circ.uit may be 
cut out by shorting do. The circuit Jjidj niay then be tuned 
until the loudest signals are heal'd hi the ’])hon(‘-s T. The 
anode oscillatory circuit may then be unshorted and, with the 
coupling of R fairly loose, tuned until signals reach their 
optimum strengt1:i. The coiqiling of R is then tightened until 



Fia. 152. — Cii-cuil especially suitable fur the reception of v(jry short waves. 

the signals, which will be gradually getting loudiM', have reached 
their optimum, or . most elTective, valiu*. 11 the coupling ol 
R is tighteiKul still fui’ther, a rushing sound will be heard 
in the 'phones, indicating that the valve is oscillatingiof its 
own accord. • 

The variation of the coupling will cause a small variation 
in the tuning of the circuits which may be compensated for by 
a slight readjustment of and (' 2 * Condenscj' C 2 may 
usually be omitted without affecting signal st length. 

Retroactive Circuit for very Short Waves.— A n'troactive 
circuit which is especially useful for very short waves, or in 
cases where the aerial tuning inductance is of small dimensions, 
is j^iveii in Fig. 152. The circuit Lj is of such small dimensions 
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that t© connect the ^lid and hlameilt of the valve across it 
would result in iiu^fficiency. Conned ion is thercfoj e t aken to 
the plates of a condenser (’j in series with the aerial circuit. 
The oscillating potentials ac.ross this c^ondensej- aje applied 
to the Olid of the valve and set iij) niyirnified oscillations in the 
aperiodic anode oscillatory circuit It. which retroacts on the 
inductance Lj. The condenser C^ may have a capacity of 
0*0003 infd., and when shunted hy the resistance r of t)>^o or 
three megohms, also acts as a leaky ^l id condenser to ])rodii(H^ 
rectification. The condenser used foj' tunino; purposes, 

and also assists the circuit to retioact nioie r(!adily. A circuit 
somewhat similar to this was evolved by L. B. Turner al 
Signals Experimental EstablishnuMit of the ilritish Army foi 
use on sets workinu; on wave-lonoths less than 100 meln's.* 
Combined Audio and Radio-frequency Retroaction.- - W e sa w 
in the d()ublcniaanificati(>n circuited Ei.i>. 129 liow the redifi(‘d 
current irom the detector may lie led into tlie i»rid circuit ai.J 



Fjg. 153. — Circuit ciiijiloyiiig both audio and radio -frequency l et roaction. 

be amplified by the valve. E. 11. Armsti^ing has used the 
vacuum tube as a reti'oactivc device not only loj* the radio- 
frequency currents involved, but also for the low-frequency 
pulses which take place in the anode cii cuit of the valve when 
the latter is used as a detector. Fig. 153 is a modified circuit 
in which radio-frequency retroaction is obtained through the 
coupling between R and L 2 , and audio-frequency coupling by 
means of the transformer T 2 T]. The audio-frequency pulses 
* li^eealao J. Scott-Taggart, Wireless World, Nov. 27, Jy20. 
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ill the anode cireuit pass'through the winding T 2 of th(i trans- 
former and so retroact on the windmg Tj, which forms part 
of tjjic grid ci^rciiit. Condensers ( -5 and Ce allow the passage of 
the high-frequency component of the anode* current, and may, 
if variable, be used to resonate the windings of the transformer 
to the audio-frequency jiulses. This ciicuit is of tln'oretical 
interest, but is diflicult to design and operate. 



Fig. J/jt,- A Circuit (‘i]i ploying LF ret nriici ion. * 

Lee dc Forest and (\ V. Logwood, in BritisJi Patent 
3950/15 (March P2/J1), descrilie tin*, arrangement of Fig. 154, 
which also a])pears to giv(‘, retroactive^ aniplillcation of radio- 
and audio-frequency* currents. The receiving circuit is 
connected across grid and anode. 

It is doubtful \Thether the com))lications resulting from the 
use of such circuits warrant their use. 
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MULTl-ST/.GK llIGlI-FRKQltENCY AMPLIFIERS.* 

Need for Further AmpMcatiou. — Wo have already pointed 
out that the loc.titiod current obtained with a vacuuiri 
tube detectoi' is proportional 1 k) the S(piare «if the amplitude 
of the, received oscillations. II. say, we halve this amplitude 
we will only j^et mw quarter of the rectilicd current, and so only 
<piartcr the strc'iiffth of signals. Jf iu(;omin<f oscillations are 
very weak it will be clear that prac.tically nothing will be heard 
in the rcc-eivurs. If we j)icture for a momoni the ”rid current 
curves and anode cmrent curves (tbtained with an averaj>e 
vacuum tube, we will recall that the “ bends ” aie not verv 
sharp. If the variation of frrid potential is only very small, 
the portion of the }fiid curve (or anode curve) traversed by the 
repr(‘-sentative point is only very small and is practically 
strai};ht. As the voltages inijn’essed on thi! j>rid become 
lari'ci', the disproportion between iiuueiises and decreases of 
anode current becomes more accentuated and the resultant 
streuf;th of sij>nals rapidly increases. 

It is, therefore, j^reatly t(> our advantaj^e to amplify our 
weak signals until they attain an amplitude sufficient to 
operate effectively the detector in use. 

High-frequency Amplification.— The pioblem before us is 
to arrange a circuit in wliich the incoming oscillations aie 
first amplified and then detected. We have seen how 
Armstrong, Franklin, and others have used a rctroacl-ive 
cougling to increase the duration of the wave-ti ains of damped 
waves. The theoretical limit of this form of amplification is, 
however, reached when tlie incoming group of oscillations is 
made to die out just before the next group comes along. If the 
amplification is carried beyond this j)oint, the vacuum tube 
commences to os(!ilIate of its own accord and entirely iiew 
conditions are brought iiit,o force. 

* See also ,1. Scott-'raggart, Wirdens World, Nov. 1919, et aeq. 
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The early single- valve circuits of Mar(;oiii's Wirclesi? Tole- 
j>Taph Company and the circuits of Arco and Meissner and 
otl^ci-s, usedjthc valve solely as an amplifier of hi<j;h-fc'eqlioncy 
oscillations, which wore usually subse(|uently rectified by means 
of a crystal detector. Sometimes the detector circuit was 
connected across the anode oscillatory circuit, as in Fi^s. IM 
and 115 ; at other times it was connected across an oscillatory 
(urcuit loosely coufded to the anode oscilialory circuit; Jin 
example of this is ^iven in Fiy;. IIG, and by its means more 
selective tuning was possible. 

A crystal detector, however, is never too reliable and the 
use of a valve as a detector is now universally preferred. 

Methods of Coupling.' — The varioug methods of coupling 
a detector c.irciiit, or the injmt circuit of a second amplifying 
valve, to the anode circuit of the first valve are given below. 

(1) Direct magnetic couplirn*. 

(2) Indirect magnetic. couj)ling. 

(3) Use of resistance coupling. 

(4) Use of choke-coils. ^ 

(5) Use of iron-core transformers. 

(6) Electrostatic coupling. 

Auto-transformer Couplings between Valves. — Perhaps the 
simplest method using two vacuum tubes in a receiving 



Fki. 155. — A twc»-vfvlvo receiver using an aperiudio .luto-coupling 
arrangement between two valves. 

• 

circuit is that shown in Fig. 155. Incoming oscillations pass- 
ing through Li vary the grid potential and cause magnified 
oscillations to. flow through the coil L 2 , which may be aperiodic. 
The oscjillations in L 2 will, in that case, be forced. If now we 
connect the grid and filament of a valve, arranged as a detector, 
across the indur.tanee L 2 , loud signals will be heard in the 
telephones T. 
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Use o£ Single Batteries. — It Avill* be seen that we have 
used two auod(^ 1)&.ttenes and two filament-heating accuinu- 
latoTi^. ,\ow, these batteries are cx])ensive, perl^^ps eumber- 
soine, and always necessitate an abundance of eoiinecitions. 
This can b(‘ avoided by iisini' one anode battery and one fila- 
menl accuniulato?- and alterini* a few connections. The new 
arranticnient, whicli is r(*ally identical in principli* with Fij^. 155, 
is that shown in 150. The Jilaineiits of the valves are 
connected in j)arallel and are heat(‘d by what is, usually, a 
four- or ])referably a six-volt acciumilator (15). Since the first 
tube acts siinjdy as an am])lifi(‘r and the s(*cond one acts 
under sp(H*ia.l conditions, the filament cuijvnt for each is 
adjusted by a seri(\s ri‘sistan(‘e Jiavini» a maxijmim value of 



Fig. 150.“ -Two-.stanc rcct'ivcr using single lilainent^jind anode battorios. 

about 5 to 10 ohms. The, anode voKa^t* nmiains tlu‘ same for 
both valves, but since that of the rectifying valve usually 
re(|uires to be less than that for an ampliiyimx \alve, an 
arrangement similar t(» the one shown in Fi^. 158 may be 
used ; diilcrcnt voltaL’es are ta.))ped olT the sam(* batterv. 

Itf niav be ashed why the leak resistance r. wliidi is of 
J or 2 megohms, is ccMiiiectcd direct ly ncross the i»Tid and 
filafiuMit instead of across the condenser f’o, .as was done in 
155. The re.asoji is that if the resistance were across Co, 
the anode batterv 11 would .act through it and give the grid of 
the second valves a positive ])f)tejiti.al. As things are, the 
condenser ])latcs are well insulated from (*ach other and only 
'pulsating or oscillatory variations are t.i‘.ansmitted to the grid 
through ( 2 . Some means, howtiver, must be provided for 
restoring the grid potential to its noimal value after each 
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group of waves. The grid leak is therefore connected directly 
to the filament, as shown. • 

.Use of piree Vacuum Tubes. — There is^ nothing 1^) prevent 
the f)riu(*iple of Fig. 155 bcuiig extended. We (U)uld use the 
second vah'e io amplify the oscillalioiis still further and then 
us(‘ a third valve as a detector. 1'his arrangement is carried 
out in Fig. 157 and is in (»verv way practical)l(\ The anode 
circikit of th(‘ first, valve is PiL^UjF] ; oscillating potentials 
across the coil afIV'ct th(‘ grid (lo of tlui second valve* in the 
anode circuit which still further amjditied oscilla- 
tions take ])lace. These* oscillations are now made to affect 
the grid potential of the third valve whiedi is a.irange*d to act as 
a detector. The*y a i e* here* leictilied and alfect the te*l(*))hones T. 



Fjg. 157. — Thrt ‘0 btage amplifier employing a])oriodic coils to couple tlie 
vacuum tubes 

The inductances Jj 2 and are aj)er iodic and will respond 
(dfeativedy to a fairly wide range of ^vave-lengths, as for example 
from 600 to 2,000 me*,trcs. To ensure tluhr aj)erie)dicity, tlfe 
turns should pre*ferabl\’ be sj)aceieJ ratlier more widely than 
usual, to avoid self-capacity. The e*oils may l)e wound with 
v(*j*v fin^ wire or with re*sistane*e* wire to e*nsui‘e them being 
aperiodic. 

It might be asked what elle^ct the steady anode voltage of 
one valve lias on the* normal grid pe)k*iitial of tlie* seeuaffl one. 
Fi aetically none. True, tliere is a steady potemt ial ehop across 
Lo. hut tlie* reisistjMie'.e* eif is excc(*dingly small compartTd to 
the*, revsistance* of the valve* betwe*e*n filament and anode. Thus 
if the* ivsistaiice of the valve is 50,00(f e»hins and L 2 has a 
insistance e)L about 5 edims, the neirmal giid jieiteutial of the 
sec.emd valve* will be emiy —0001 vejlt, a negligible quantity. 
If tlie resistance of Lo aloim were abenit 500 eihrns, the* effect 
eni the grid peitent-ial eif the* secemd valve wenild be neiticeablc. 
Suiee the electron current is flowing externallv frenu aiieide to 
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(ilamoBt thr()u.i>;li L2, the tup (Mid uf this inductance will have 
a negative pottMitijJ with respect to the bottom end. This 
would* gi\;e the gi id^lTg a small negative potential ^diich woyld 
be rather an advantage'. 

The disadvantag(‘ (»t the Fig. IbT arraiigcnneiit is that a 
multi])li(‘ity of anode battevi(‘s and filairient -heating accumu- 
lato's are requir(*d. This disadvantage can be o^'('rcome bv 
using the arraiigem^ent of Fig. ]r>8. This circuit is of the Kame 
natuie as Fig. io(). (‘xc(‘j)t t.hat the s(*cond valve is meant to 
act as an am[)lifi(M- and the third valvt* as a cl(‘t('ctor. Hie 
(w>ndens(^r (V intended to insulat.(‘- the grid from the st('ady 
voltage of the anode battery JI, which would otherwise give 



Pig. 158 — A fuartical tlirfc-stage aiu]>lifior. 

the grid of the second valve a potential equal to that of the 
gfnode of the first valve, whereas w^e lequire the sec'.ond giid to 
have a pot(*ntial in the neighbourhcjod of z(uo volts. The 
leak Ty is of about 3 megohms and prcvc'uts the grid becoming 
too negative. When signals are being rc'-ceived. o^^cillating 
potentials are s('t up aci-oss the anode circuit Pi]j2llh^ of the 
first valve and are communicated to the grid of th(i second 
valve •through the condenser ( 2- lesulting oscillating 

potentials on the grid of the second valve cause magnified 
osciHations to flow in its anode circuit F2L3HF2. Oscillating 
potentials are then communicated to the grid of th(‘ third 
valve through (’3. This third valve is to act as a det(‘ctoj*, and 
a separate filament curi'ent rheostat Fio i« providc'd, wdiereas 
the other two valves have one rheostat If, common to both 
since their functions are intended to be. alike. Aijtually, there 
is no doubt that the sc'cond valve does act to a certain extent 
as a detector. This effect is non-existent in the method descrilx'd 
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in connection with Fig. IGl. /V s])ecial feature of tlic Fig. 158 
circuit is the method shown whereby th(f anode voltag(» of the 
litst two amplifying valves is variables by the top plug, wliile the 
anode voltage of the rectifying valve is variable by means of 
another plug which will usually b(‘ lower down ll tlian the 
Jirst. This arrangcMiumt is jiot csscMitial, but it will give tln^ 
nuider an idea of how the dillerent valves of a multi- valve 
amplifier may be made to function undiTidiHeTent conditiojis. 

The Grid Potentials oS the Different Valves.— It is interesting 
to note th(‘, grid ])otentials of the individual valves of .sii(*]i 
circuits. They ^rti not, say, negativi'. all at the sanu* time. As 
a matt(M‘ of fa'<t, they ai‘(‘. alternal(‘Jy ]>()sitive and lU'-gative. 
Let us suppose the grid of the first valve l.o lx* suddenly made 
positive. An extra (low of electrons will pass fiom through 
1j2 and H to the filament. The bottom end ot L 2 will therefoi ci 
be negative, and conserpiently the grid of tin*, second valve 
will be negative.. This will cause, the anode*, current through 
1 j;j to decrease; the r(*>sistanee of t\\e anode circuit has increased 
and the potential of the anode has correspondingly iin^vased. 

positive potential is therefoje impressed on the grid of tin*, 
third valve. The sign of the grid |)otentials of the seiies of 
valves changes (*ac]i time*. If the amplifying arrangein(‘nt 
has an odd nuniGer ol valv(*.s the grid })otential of the end 
valve will be of the.same sign as that of the iirst. valve. If, 
on the otlie.r hand, the number of valves used is, say, 2, 4, or 8, 
th(* grid potenf^^il of the last valve will be of opposite si^gn 
to that of the, first. Ip the example tak(*.n, the anode cui*rcnt 
of each valve may either be increasing or decreasing. The 
telejdiones 'F are. therefore not includ(*d in thi*. part, of the anode 
circuit V-ommon to all the. valves, but onlydn the. anode circuit 
of the (*.nd valve.* 

Use o£ Tuned Anode Circuits. — The ciicuits from idg. 155 
to Fig. 158 may b(^ jnade more select* ve and jather moj c sensi- 
tivt*. by tuning the various anode oscillatory taie-uits while still 
utilising auto-transforrmu* comujctions. All that is lequired* 
is to connect variable condensers across the inductances L 2 , 
Ji 3 , etc. Th(i fundamental circuit is given in Fig. 159. The 
anode oscillatory circuit L 2 C 2 is now tuned to the incoming 
wave-length and no attempt is made to make, aperiodic. 
Since the anode circuit is tuned there will pj’obably be a certain 

* 'this exi>laiiatioii is nut strictly true in all cases owing tu small phase 
changes. 
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aTTioiinf of rc'troactioii between it and ilie ori<;ina.l circuit, 
but this is an advan1-a«jje provided i1 is not suiheient to cause 
the firsV valve to ^fei\eia.te oscillations of its own act»:)rd. 

Fi^‘. 100 is th(* type for those circuits usiiiLj; only oik^ filament- 
heating acc.umulator and one anode ba.tl(M*v. (^ire-nits usin^ 
ariv niimlxM- of valves inav be constructed on t.h(‘ saim* 



Fkj. ir»a. — T\\n-viil\t* j'fcfjvtT wjtli Imusfl in<.<‘j*iwrdiary circuit. 


pnneij^h*. The inductance is slunMi variabli* in tliis circuit. 
The valu(‘ of C’o should lx* kejtt as small as ])ossibl(*. 

Special Auto-transformer Coupling.— Still fiirtliei selec- 


tivity is obtainable by using two sliding contaets on tlie vari- 
able inductances in the anode circuits. An aTTviii;emejit- is shown 



Fig. 1()0. — Practical t\\()-valv<' ifcoivrr with an inliTmc-diary tuned circuit 

in Fig. 101 which illustrates the use of four vacuum tubes 
in this manner. The aixxle circuit of the iiisl t ube iucludes tlic 
portion from Sj to E of the inductance, while the grid oscil- 
latory circuit, is composcid of tin* jtortion S 2 to F shunted by 
the condenser C 2 . While tb(‘. use of four valves is quite in 
order, the use of two variable tappings on the iiitei-valvc 
inductance cannot be considered to b(*- of sullicient value to 
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wariaiit ilns adoption in multi-valve amplifiers. The cTre-iiits 
employing indiiect coupling are to be prefcfried. 

4K[ethod of applying Varying Potentials.to Grids el Auto- 
coupled Amplifiers.— In Fig. Ibl is shown an intejesting 
method of applying ])oteiit.ials to the grids of vacuum tubes 
in auto-(5oupled cascade anudifiei s. A grid battery B 2 is })ro- 
vided, so as to give the grids V»i, (L, and (Tgof the amplifying 
valv(5s a suitable lu'gative jiotential ; the voltage of B 2 ai*ts 
thi’ough Li in the case of Gj and through the resistances 
and in the case of the. second and third vacuum tubes. Since 
the internal resistance of the vaeiiuin tube bet ween grid and 
filament is pract’^'.ally intinite there will be iu» dro[) in voltage 


b 



B3 


Fig. nil.- -A foiii-stagc doSectoi -anijililin* in wliicli auto-tTansfonners couple 
successive vacuum tubes. The tigurc also shows how the potentials 
(5f the grids can be varied iu this class of circuit. 

• • 

due to the n'sistance of*r 2 (or and the grid potentials will 
be the voltage of Ho- A potentiometer might b(' used in place 
of B 2 .* '-fhis method of apiilying potentials may l)e us(»d in 
many amplilier circuits. In Fig. 101, the jiotential of tbe grid 
of the rectifying valve is shown being variiHl by a potentio- 
meter Pi- ilectilication at a bend ol^the anode curren<»curve 
is thus obtainable* 

Indirect Coupling of Vacuum Tubes in Cascade. -wThe 
most valuable method of coupling valves in cascade is the very 
obvious one of coupling the out])ut circuit of one vacuum 
tube to the, injuit circuit of another. Th(‘ arrangement is 
shown in Fig. 102. An initial radio-frecimuicy transformei' 
L^Lo is shown and wull eliminate a considerable amount of 
interference. The oscillations are ainplifiecT in the anode 

* 'I’he ])ositivc siilc of is soinotimca connected to a slitlc on a resist- 
ance connected across If there is a tendency for the amplilier to 

osoillate, is usually omitted. 
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oscillate )jy circuit L3, wliicli is a])criodic5 and arc thence in- 
duced into the grid oscillatory c.ii'ciiit L4 of the second valve, 
which isv^ilso aperi^xlic. The coil may, if desired, be woand 
with resistance wire and have a iixed coujJing with the coil 
L4. The second valve is adjusted to act as a detector. 



Fjg. lOii. — Use 0/ a ratlio-frequenciy tmiisforiutT to coup/t* two valves. 

This conibinal ion may be reananged iiua })i‘actical manner 
as shown in Fig. i()3. This circuit is exac tly the same as that 
of Fig. 1()2, except that single batteiies arc', used. ]ioth 
Ji3 and L4 aie aperiodic and their coupling is fixed and is, if 
anything, tight. Since we have separated grid and anode 
oscillatojy (*ircnits, the former may be (*-onne(;ted directly 



Eig ICa. — Two-vahe j'<*ei i\cr eiiijJoviiij; a fixed ii]>eriodio H.F. transformer 
• between the valves. 

across the grid and iilament of the second valvci, without the 
effect of the anode battery coming into tlu^ question. The 
windings L3 and L4 are usually wound in grooves cut into 
ebonite rod of large diameter.* Alternate grooves take 
primary and aecondary, the alternate windings being in 
series. The grooves are separated to lessen capacity effects. 

* Usually about two inches diameter. 
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Multi-stage amplifiers using more than two valves* may 
be arranged on the princij)les jjreviously employed, and 
no •further illustrations arc necessary. ^In the iiirel^oiug 
circuits, the last valve is used as a detector. The exact 
method of obtaining rectification is left to the reader, lie 
can use a leaky grid, as has been shown in the figures, 
or he can simply connect the grid to the negative side of 
the ftlament and utilise the simple lectification obtained 
by means of grid (jurj ents ; or, with the grid still connected to 
the negative side of the filament, he can decrease his filament 
current until the valve is operating at the initial point of 
saturation on the^anodt*. current curve. 

Tuned Intermediary Circuits. — Th« iuternu^diary (jiicuils 
so far considered liave been aj)eriodic. Jly connec.ting variable 
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Pig. 101. — Selective circuit in which the detector is coupled to the amjdi- 
fying vacuum tube by means of a tuned oscillation transformer. 

• • 
condensers across the grid and anode oscillatory circuits we can 

tune them to the frequency of the incoming waves and thereby 
obtain better signals and much greater selectivity. The 
circuits, however, require careful adjustment and they aii* not 
very convenient to mount as a separate aiuplifier-detectoi*. 

Fig. 104 shows a cinuiit having high sel(H Uv(‘. jijoperties, 
the intermediary (irciiits being tuned.* A certain amount of 
interference is eliminated by the radio-frequency transformer 
L1L2, which is loosely coupled. 

Amplified oscillations arc set up in ilu‘. tuned anode oscilla- 
tory circuit L3C3, and thence induced into the grid oscillatory 
circuit L4(^4' of the second valve which is used as a detector. 
The loose coupling between L3 and L4 results in a further 
elimination of nndesired signals. It has been shown that 

* K. P. W. Alexanilorson dusuribes similar circuits in British Patent 
147147 (Oct. 29/13). 
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if tliV. desin^d signals are, say, tlinV times as loud as tlie 
interfering si^na-ls,* wJieu two valves .are used they will be 
3 “ (iiinv) times i^s loud. If tlnee valves weiKi used hi a 
siinilai- mamu‘r |.li(‘y would be 3 ^ (twenty-seven) times as loud. 
This is bonie out in ])rae.ti(*.e. In eireuits of tliis type it is 
more imjxntant to t.un(‘ tlu‘ i^rid eireuit of a valve tlian the 
anode oseillatory eiieuit of tlie jneeedin^ valve. Th(‘ anode 
oscillatory eb’enitjii may conveniently l)e a.|)(‘riodic if desiiud. 

Tuning Intermediary Circuits. Tlie tuning; of foui* oscil- 
latory cii(aiits will ])iesent. a little dilticulty, and tlie ai iaiige- 
nient is tbertdore not yery suitable for tb(‘ ^enei-al rt‘cej)tioii 
of signals. It is. however, in principle, iclyal for use wlu'u 
leceivmii; a fixed waverleni*tli or when tliere is suflicient time 
to tune in. If tin* ranjie (»f w.av(‘-leni»tJis to be covered is not 
too ijrreat the inductaTux^s Jjo. L^, and Lj may be mad(‘ fixed, 
all tuning beiiii* aceomplislied by the condensers (^. (3, and 
(■4. Since all the circuits exe(‘])t. tlie aervil circuit are inde- 
j)endent of the aerial, they may be tumxl together at tlie same 
time^ The condensers ^ 3» tni.iiht all be made to 

rotate by simjily turniiij; one of them. The inductances 
Le, L3, and L4 miuht also be vai’ied together bv tuinini* one 
knob. J 3 y this arranizennuit , tuninLi: would be j^reatly simjili- 
fied and there would really be only two 'circuits to tune, the 
open one and the closed one. ^ 

A method, which may hayi* a stronger appeal, of timing 
the aj‘]-angement is to include the, telephone receivers ill the 
hnode circuit of the first valve which is made to act temporarily 
as a detector by suitable adjustment of the filament current or 
anode battery. The condenser may lie slioited and the 
aeriiil circuits and closed circuit Lo(A coriecllv tuned. The 
condenser is tlum iinshorted and L;j(-3 tuned to giv(‘ best 
results. In some cases tuning this circuit, will make no difl’er- 
ence ‘to the signals Infard, in which c-asu it is uimccess.'ir)' 
to short C3 wh(‘n tuning the first two circuits. When 
these are correctly adjusted, the 'phoju's are jilaci^d in tlieir 
correct jiosition in the anode circuit of th(‘ d(*tecting valve ; 
the first valve is made to a(‘t once moie as an amjilifier, and the 
circuit L4C4 is tuned to give the maximum response. The 
(;ou])ling between and L2 and between L3 and L4 should at 
first be tight and then looseinxl when t uning has been effected. 

Practical Arrangement of Tuned Intermediary Circuits. — A 
practical arrangement of the Fig. 1G4 circuit is given in Fig. 1G5 
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Tlie anode oscdllatorv circuit of tho first tube is locJlse.ly 
coui)led to tlie. ^^rid ose.ilhitojT ciie-uit of the sc'coiid 

detertbing valv^;. The indiiotaiiees are sliown^ fixed, bu1iw<bil(l 
be variable if the j*aiige of wave-lengths desii'ed were wid(\ 
Three-stage Detector-Amplifier with Tuned Circuits. — 
Fig. 1()G IS a development of Fig. 105, in that thive vacimm 



Ficj. 10r>. — l*j{A( l.i({il t\vo-val\(‘ rtiCciAcr with tuiiod intermediiiry circuit 

■ 

tubes are now einiJoyed, the first two being us(‘(l as radio- 
frecjneiicy a.nij)liiiers and the last one as a d(‘teet()j'. • 

Ihe noti(H‘able l‘(‘-atur(\s of Fig. 1()G art' tht‘ use of a 
potentiometer V to vary siiniiltaiieoiisly tlit^ iioi’nial grid 
potential of the amplifying valves, the use of a variable rt'sist- 
aiice II 2 to vary sinnlltaneously the filjiment emrents of the 
amplifying valvtis, the, use of a sej)arate rht'ostat II j for 



Fia. inii. — I’ractical Ihrcc-valve dntccttM-Jinii)lili.w witli tuned iidtunietfiarv 
* circuits 


adjusting the voltage across the filament of the dt'tectifig 
valve, and, of course, the use of only omi anode battery. 

The use of the potentiomtder P has its disadvantages, but 
it is given as an exaniph* of liow to vary smoothly the grid 
potentials of the various valv(\s. Instead of hfiving a se])arute 
potentiometer it. is preferable to replace P by a few cells and 
connect the j)ot.enti()nieter resistance across tlu' filament 
battery B. The positive side of the grid baft cry is connected 
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to *a slidin.i^ contact on the j)otentiometer rcsistanc.e. Tliis 
arrangement is great use whei(‘ a variation of only a few 
volts is (l(‘sired.^ r 

One method of tuning such a complex circuit is to 
include th(‘. teI(*i)hoji(;s first hi tJie anode circuit of the first 
valve ; tum^ the aerial and closed c.ircuits. Then connect 
the 'ihoues in the anode circuit of the second valve ; tune the 
circuits LgC^g ai?d L4C4. Finally connect the 'phonesdn their 
normal position in the anode circuiit of the last valve and tune 
the circuits 1^4(54 and Ju the first two cases the rheostat 

1{2 luay t(‘mj)orarily be adjust(‘d to make th(‘ valves act as 
rectifiers. Now loosen all the couplings jill ‘‘jamming'’ is 
sufliciently eliminatod. This circuit is to be* highly recMUii- 
mended, although usually the potentiometer P is an unneces- 
sajy refinement.. A grid cell would do as well. For rapitl 
tuning all the closed circuits may be calibjated in advances 

Prevention of Noise and Self-oscillation.- AVhen using de- 
tector amplifiers of this kind, an unpleasant iioise is fre((uently 
heiM*d in the telephone ]-eceivers. This may be due to leakage 
of current. All the inductances through whi(‘h the steady anode 
current passes should be very well insulated. Noises can genej*- 
.ally be eliminated by decreasing the value of the anode voltage 
or by suitably adjusting the filament cilrrent of the valves. 

Amplifier noises are of low-freqpency. Consequently if 
the coupling between inter- valve oscillatory ciicuits is made 
loose, the variations are very considerably decreased although 
the high-frequency oscillations received will be easily passed on. 

There is always a certain tendency for this tyj)e of circuit 
to oscillate of its own accord. A certain amount of rc^troaction 
undoubtedly is always jjresent and precautionsj must be 
taken to prevent it causing the cinuiits to oscillate of their 
own accord. The potentiometer V of Fig. IGO, if suitably 
adjusted, will effectu^Hly prevent sell-f)sciUation. Tiui reason 
for this is sometimes that the opeiating })oint on the anod(i 
current curve is altered. Frequently the potentiometer is 
connected across the filam(uit accumulator. Jn this case, a 
positive potential is a])plied to the grids. This will set uj) 
grid curre^nts, which will increase tlie damj)ing in the grid 
circuits and thus prevent self -oscillation. Th(i values cf the 
anode voltage and filament current may also be vaiied to produce 
the same result. A less simjile method is to comiect a high- 
resistance (sometimes in series with a fixed condense!*) across 
one or other of the grid oscillatory circuits ; the consequent 
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damping produced will prevent the valves oscillating. •Still 
another arrangement - which is rather simpler, is to couple a 
portion of, say^ the coil L5 to the coil in a reversed d^rt cti( n 
to counteract the retroactive eftvt. A resistance is sometimes 
coiiiiected in with (-lie of the tuning condcuisers. 

High-frequency Amplification without Rectification.— It 
will be readily sc'.eii that any of the circuits from Fig. 155 
to Fig# IGO may be used sim])ly to amj)!!!’^ high-fr('(|iu’ncy 
oscillations without attem])ting to riM'tify them. All that 
is required is the* substitution of an oscillatory circuit for the 
telephone r(H*,eivers and a. slight alteration of the. circuit to 
make the last valve act in a. way similar to the others. Fig. 1 C 7 
is an example of a high-frecjuency amylilier with an output 
of radio-frequency current which may be used for a variety 
of purposes. This circuit is adapted from Fig. IGO in the 
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manner just described. All the valves are now used pundy 
and simply as amplifiers. • 

It may be iiientiomMl that such a circaiit may be used for 
transmissi<jn purpose's, Jn phuui of the aerial circuit shown on 
the h'it W(^ could substitute, say, a small gemnator of electrical 
oscillat ions such as a tuned buzzer or an oseullating valve. The 
oscillations would be progressively aiuQlified by each succes- 
sive valve until considerable power could b(^ diawii from the 
output circuit of the last valve, and induced thiough tjie 
radio-fre(|ueucy tiansforuKu into an acuial radiating 

circuit. WluMi such a. scIumih' is used, th(‘. intermediary 
circuits aie n(|t t iiiu*d. 

Marconi Seven-Valve Amplifier.* -Fig. 1G8 illustrates a 
seven-valve amplifier detc'ctor produced by Marconi’s Wirc'less 
Telegrajih (V>mpany. The first six valv(is, which are of the 
¥2^1: type, are used as liigh-frequency amplifiers and are 
♦ Sec H. .T. Roniid’H British Patent 149433 (May 13/19). 



-wJk.. SPRING CONTACT 
TO SCREENING SOX 

I'lG. Kid. — A Mai coni sc vt*n- valve amplifier. 

of the ^ridsof t]i(‘ am})lifvini> valves and so vary tlie tendency 
of the circuits to oscillate of their own account. The last 
valve is of the Q type and is used for rectifyinir. Tf d(‘sir(‘d, 
its^u’id pot(Uitia.l may be* altered by connecting a |)otentio- 
meter across F and U while the tilameni ciiirent may be 
r(»i»ula.t(‘d sejiaratidy by connecting a varia.bl(‘, j‘esistam‘.(‘ across 
E and F. A conned iiii; bar normally shorts these terminals. 
The tcM’ininals A and E are connected across the rec(Mvin^ 
circuit. A slidini» “reaction coil” is provided to obtain 
retroaction w^ith any of the inter- valve circuits. 

Use ot Inter-Valve Variometers. — In Jb itish Patent 148()79 
(June 27/19), E. L. Crowther describes an inter-valve oscilla- 
tion transformer which is really a double variometer. A 
twin winding is used and one alteration of coupling varies the 
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wavo-longtli of b()tli priiiiaiy and sot^oiidary windings.* An 
aniplifirr may tlms bo made to respond ov«r a wide* rangi‘ of 
wavy-longtbs^ ^ ^ 

Use of Resistance Couplings — A form of *ooii}>ling between 
siiceessive valves in an am]>ii(ier which Jias ))een of considerable' 
nse is that known as resistance (unijeling. ’ * A vei v sim])h‘ 
form of this coujiliiig is sliowm in actual use' in Ki^. lOD. The 
anodec'ircnit ol tJie fiisi. vacuum tube consisi.s of the anode F, 
the n'sistance U (a pen(*.il-line or other resistance ']• of about 
o0,000 ohms), fh(‘ battery llj and t.ht‘ (ilaineut K|. A steady 
anode eune'iit is jiorinally (lowdni; through K acc(»m})aiiied by 
fi. consid(*rabl(‘ potential diib'rence* ac.ross the' f esistance. When 
incoming oscillations vary the giid potonlial of the* tirsi valve 
the ciirn'iit through 11 is varied at the same* fre(pi(*ncy. There 



Fig. — llliistratiiiif the lae, of a reKistance as a means of coupling two 

valves 111 a receiver 

will cojiserjuently be oscillating j)otentials across R wdiicli are. 
a])plied to a-second valve arranged to act as a detector. A grid 
condcnsei- provided wdiicli has tlu* additional duty of insu- 
lating the grid and thereby ])reventing it from taking up a 
normal negative pottmtial e(jual to that across R. The small 
resistance r, tlu* grid leak, if connected across C 2 would tend to 
defeat this object. ; it is tJierefore cor^neeted (lireetly a-^ross 
grid and lilarnent.. *The 'phones T an* connected in tiie a.nodc 
circuit of the second valve*, a.nd n*spond to the* n*ctified signals. 

It might be asked wdiat value* of R is the Tne)st suitable. 
The best the'envtical value*, e»f cemrse, will be the enie which 
re*sull;S in the maxininin pe)t(*n1ials a(ne)ss its ends. We 

* In liiitish Palcnf J47(>17 (March 20/JI), W. (\ White (<*f <J. K. ^^) 
(Icscriln's rcccivnig (urenits, using an ohmic resist ancij as the means of 
(‘onpliiig t in' liihcs (st i* also I. Langiniiir in 1 17148 (Oct. 21) 13)). 

t »S. It. Milliard has used a ii lament, ot partially carbontsed ecllulose as 
a ivsistaiuM*. Thesi* resislaiicfs arc very constant and have been vimv 
oxtensivcly used lor resistance ampliliers, grid leaks, eli*. HloU-iiig-papcr 
soaked in Indian ink works well. 



208 


Tjiermionto Vacuum Tubes. 


can fcprcscut the action of a resistance amplifier by reference 
to Fig. 170. PiFj represents tlie apparent resistance of 
the "anode circuit within the tube, measured by dividing 
the anode voltage )>y tlie anod<‘ current represented as .a 
d('cimal of an aiTi])eie. (jIoK 2 resistance whicli corre- 

s])onds to 11. A battfu V H f)ass(Ns a current through the two 
resistances in s(‘ri(\s. Fi'om the eienientarv ])rinciples oJ 
Ohnrs Law w<‘ l;now thah tlie voltag<‘ across (J 2 F 2 will be a 
fraction of II dejicnding on th(‘ ratio of the resistance Ct^Fo 

Phis, after all, is the principle 
of the })oteiitiometer. 
The m-eater wc^ malvc 
greater will be 
the steady potential dit- 
f<n‘ence across this part 
of the circuit. Coming 
back to our valve, we see 
that if we inakeR equal 
to the internal resistance 
of the tube, the normal 
dro}) of potential across 
Ji will ecjual half the 
anodti voltage. Thus if 
11^ possessed an E.M.F. 
of 100 volts and C 2 were 
shorted, the normal grid potential of the second valve would 
be — bO volts. This exjilains why a ijrid comh'nser is so useful. 
We ar(^ not. howevej-, ccmcerned with the steady potential 
droj) in the anode resistance^ but only the variation of the 
j)otential j)roduc.e by a. chiinge in anode curi ent c msexpient 
on a variation of giid ])o1ential. The grid ically controls the 
resistance or irapedame of tin*, valve. A jiositive potential 
on the grid lessens the resistance, whih' a negative potential 
increases it . Variatio]i of giid po1(‘ntial produces aih cfTcct 
e(|uivaleiit to altering the. value of the resistance PiFj in our 
ex})la.nat(yry (‘\ve\n\ i)i Pig. 170. Now, if the anode resistance 
(loFo is vcjy much largcj* than the ivt^istancc of the valve 
represented by PiFi, it. is obvio\is that a fixed variation of 
the resistance PiFi will produce little change in the v('ltage 
across the output resistance G 2 F 2 . Likewise, if the output 
resistance is mucJi smaller than the valve resistance, small 
changes 'of voltage across G 2 F 2 will result. The greatest 
amplification results when G 2 F 2 is about equal to PjFi. 


to the sum of Pi Pi- I 



H 


Fig. ] 70. — ^To dcmcmstratc. the action 
resistance for coupling purposes. 
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If we insert a resistance in th('. external anode circuit of the 
valve we will obviously have to increase the voltage of the 
anode battery in order to maintain the sanv3 anode p,*)tehl iai. 
If the suitable anod('. voltage for oidiiiary amplification is 80 
volts, the insertion of a coupling resistance equal to the internal 
resistance of the valve (say 100,000 ohms) will necessitate an 
anode battery of ICO volts to ensure the conditions being tlui 
same. • • 

The most suitable value of the coupling resistance R will 
therefore depend on the internal resistance of the tube. If 
this is high, R will have to be preferably as high. In 
th(‘. case of nios^t hard valv(\s a resistance of 50,000 to 
100,000 ohms has Ixien' found nirist eilKuent. A disadvantage 
of this type of cii'cuit is that ilie anod(‘ battiMy recjuirivs to 
hav(5 an F.M.K. twicii as gieat as tliat u'qniied witli an 
ordinary cii’cuit. 

Effect of Valve Capacity on Resistance-coupled Circuits.— 

Om^ gn‘at advantage of resistance-cfiupled ainjilituns is 1 ha1 
they have no intermediary oscillatory (ircaiits which l•l‘(^lliJ•(^ 
tuning. The inipc‘dance of the resistance R is more or less 
i*.qually elTective foi* all wave-lengths, except the shortest. 
Short waves less than about 1,000 metres ai'e not usually 
(dluiently amplified hn this type of circuit. This is because 
the impedance of R is dpcrcsasecl by the capacity between anode 
and filament within the valve itscif. This c*apacity acts like 
a small condenses , in parallel with H. Tlic‘. high-fiiiquency^ 
current variations cousc'qmmtly do not mec‘t with tlic same 
op])()sition as if the capacity (‘fleet were absi’ut. A c*,()nd(‘nser 
may be considmed as acting as a simple lesistance towards 
liigh-frecplency currents. The value of this rc.‘sis1ance (usually 
termed l eactance) in ohms, — 


where n - - frequency of oscillations, 

C = capacity of condenser in farads. 

We see, then, that the greater the frequency of the oscillations, 
the less will* be the resistance of the condenser, and vice-versa. 
For long waves, whose frequency is small, the capacity effect 
acuoss R will not affect matters ; but when short waves 
(whosc^ frc'cpicmc.y is higli) are being r(‘cc‘ivi^d, the c.ondcuiscr 
effect inside the valve acts as a small jesistanc<". in iiaralhi 

p 
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with ‘'the resistance K. The eHective n^sistance of R to the 
ln'gh-fr(Hj[ucnc*y currcMits is then^by Jcsscaed and the decree of 
am])rifie:\ti()n for short waves is lh(M’cfore less than that in* the 
ease of loni; waves. 

To less(*.ii the eajiaeity bet.w<‘(‘n iilani(‘iit and anode*, tlie 
vai ious wir(‘. h*ads to the eIeetrod(*s should be as far away as 
})ossible Irom eaeli otlier, both inside and outside the bulb. 
Wiien sueli special pr(*('auti(»ns have Imumi taken tin* ellif»i(*ney 
of the ai*i*ang(*.in(‘.ni is iherea,sed. 

By eonneetini; a small variable (*on(lens(‘i across H the 
plienomejioji meutiou(*d above may be. us(‘d to lessen the iiiter- 
i(*.renee from stroiu; short-wuvi* signals diijiuij; the rc'ct'ption 
of Joiii; wav(‘s. « 

Summarised Features ot Resistance Couplings. 

(1) They are suitable Jor the amplilieatioii ol loin* waves 

ov(‘r about bUO metres. 

(2) They recpiiri* sjxvially construet(‘d, valvt‘-s if used tor 

short -wav<* r(‘(*.(‘ptiou. 

(?) They recpiire an anode battery of about twice* the voltage 
noi nially us(‘d. 

(4) Tli(* value of tin* resistance should l)e about the* normal 

hiterual resistance of tlu* anode circuit (usually froju 
bOAHK) to 1U(),(KK) ohms). • 

(5) The use of resistance (‘oiiplipes (*liminates tune.d 

intermediary circuits which jequire. car(‘ful adjust- 
ment. 

(b) An amplilication of about S tim(‘.s (lor each valve) is 
theoretically ])ossible with the ordina,ry valvt*. 

A Practical Resistance-coupled Receiving Circuit. — 
Fi^. 171 shows a ])jactical receivinu; circuit based on*Fi,L». 10b. 
The resistance R is c.onnected as shown and toiLi(*ther with 
Jl forms the anode circuit of the first valve. The oanllalinu 
potentials across t-lie aifode, and iilam(*nt of tJiis valve (whi(*,]i 
potentials are the same a-s those across R in Fig. JG9, since tin*, 
rcisistance of H is negligible) are ajiplied acioss the giid and 
filament, of the second valve. The anode circuit of the second 
tube includes t he 'phones T, the anode, ball ery II and F 2 . Sincii 
the resistanc(^ of the anodi* circuit of the second valve is almost 
half that of the first one, th(; voltage on 1*2 would oidinarily 
be too high. To avoid this we can : 

(1) Taj) a smaller voltage off the battery 11 as shown in 
the figure. 
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(2) Include a resistance almost (‘qual to U in the aliode 
circuit of the second valve. • 

{^) Use a t.elephone f.i’ansformer with a ve/y high rei?i 'tance 
winding in the anode circuit. 



Fio. 171. — Praclj^oal two-valvo r(‘sistaiHH‘‘tMjii]>!(‘(l u*ct‘ivi*i. 

Tilt*, first suggestion seems tin* most ))ractical, thoug]i it 
may lead to confusion in the case of aji untraimal operat.or. 

Four-Valve Resistance-coupled Detector Amplifier. — A ver\' 
useful (‘ircuit for th(' reception of wealc signals is that given 
in Fig. 172. Four vacuum tubes are in ns(*. Tlu‘, first thrc^.e 
are intended to be us^d as ampliliers and have a common 
filament (mrrent rheostat K4, the last valve halving a separate 



Fia. 172. — A sensitive lour-siage resistance aiti]»lilier. 


rheostat II5 ; the voltage on Ihe anode of the last valve is also 
adjustable. . There can be no doubt that a cei'tain amount of 
rectification takes place in the anode cii*cuit of the second and 
third valves, but this is no disadvantage. 

The anode cii’cuit resistances R2, and R;j liave all the 
same value (about 80,000 ohms for most small haid vacuum 
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tubes). The ^rid leaks rj, r 2 , are also all of the same 
value, namely about 3 megohms, though this will depend 
largely on the typ^ of valve used. , • 

Resistance Amplification without Detection. — If we desire 
to obtain am])lified oscillations without rectification we can use 
a circuit similai* to that of Fig. 173. In this figure, A is some 
source of the oscillating curn^nt which requires amplification. 
R is a resistance,, in the anode circuit f)f the first valiPe. A 
variable ta}i])ing S enables the ])ower developed in the anode 
circuit, of the second vacuum tube to be varied, since by its 
m(‘ans tin* potentials a}»p]i(‘d to (j 1« may be varied ; the maxi- 
mum power is ol)tain(‘d wh(‘u S is at the* tcyj end of R. The 
anode (uicuit of the scifuid valve, which would be larger than 


Fig. 173. — Use of fi resistance to var_\ lljc niitput ot an amplifying 
Miciiuni tube. 

*ihc first, if if liatf to deal wit h heavy (.an jciits, inoludcs an oscil- 
latory circuit LiCj and a source 1) of liijili potential, which 
nii^lit be a direct current dynamo. The oscillafory circuit 
LjCi is shown coupled t(( a radiatiu” ciicuit. TJ^i hattcry 
Bj is connected with its negative pohs to the j>iid Uj, and is 
given a value to make Go sufficiently negative to operate Vo 
at a suitable j)oiut oil its anode-einreiiti lairve. For veiy 
small power.s B, may be reversed, since the drop across K 
may make (t« too negative. The steady potential difieicnce 
across this portion of K dexw not then adversely affect the 
normal grid potential of Ga- The battery B should preferably 
be less to give the grid a negative potential. 

Another practical a])plication of resistance coupling is 
shown in Fig. 174, which shows incoming oscillations lieing 
amplified by thrix! tubes which are not intended to reiitify. 
The am])lilicd oscillations arc drawn oil from an anode 
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oscillatory circuit L 3 C 3 . *lu tlio figure the amplified 01 ^*, illa- 
tions arc shown operating a crystal detector 1 ). 

Instead of using the (jondensers (-3 and (^4 and j^he*grid 
leak resistances and r 2 , we might connect batteries with 
their negative poles to the grid. These batteries would 
neutralise the effect of H. Since they would have to have 
a voltage about half that of the main anode battery, their 
use is# not very convenient. The coupling r(‘sistances in 
this figure .are shown variable. All the previous ciicuits may 
have variable resistance couplijigs if desired. Resistance 
amiJifiers have b(‘en largely develo])(»d by Ibillouin and 
Beaiivais. (See British Patent 127013.) 



Fig. 174 . — A rcsistanoe-cduijlcMl series of vacuum tubes used for pure 11. F 
amplili cation. The output circuit L ^Vr, is shown coupled to a crystal 
detector circuit. • 

Resistance amplifiers may be used for the elimination of^ 
certain frequencies, while other wavi'.-lengtbs arc fully 
amplified. These uses are described by N. Brillouin in 
British Patent i310r)4 (Oct. 8/17). 

Use of Vacuum Tubes as Inter-valve Resistances —Various 
kinds of resistancjes hav(' been suggested for ust^ iti amplifier 
circuits of this kind. One kind, however, is of special 
interest. It consists of an anode and filament mounted in a 
vaciinm bulb. The filament, is heated to iiicaiidesc.i^nce ^nd 
the arrangement acts as a unidirectional coiidm^tor of high 
resistance. The ae,tnal resistance may b<‘ varied by altering 
the filament current.* 

G.E.C. Valve Resistance Amplifier. — In British Patent 
5373/15 (April 9/15), the General Electric Company of U.S.A. 
describe the circuit shown in Fig. 175. Instead of using grid 


* J. Suott-Taggart, Klrrirical lieoivu'. 
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coiicfenseus to ])r(W(‘nt the normal ^rid poteiitial from being 
allect(‘(l by th(‘ anode battery of tlie pievioiis vacuum tube, 
grid* batteries are, employed. In Fig. 175 the apiplified ti^scil- 
lations jire ])ass(‘d thi’ougli a tuned radio-free (ueney transformer 
eormeeted to a detector vacuum 1 ul)(‘. The tube 



Ejo. 17'’>. — Uhc nf \tilvc as r<‘sistan(it‘ couplin}^ (C.E.(’I.). 


only used as a jcsistance, but also as a cuntmt-limiting devi(*.e 
to limit the effect, of strays, et.c. 

Further Circuits Employing Valve Resistj/ances. — In addition 
to the (*ir('uit.s dcscrib(*d above, the prcs(‘jit author has devised 
a number of effective (‘irciiits working on a similar principle. 

One arrangejiient is showji in Fii:. 170. The anode 



Ejg. 170. — Two valves arranged in caseade, nsiiig tlie filarnoiit to grid ])aili 
^ of H(*eoiid \ahe a.s the resj.slaiice M. Scott-Taggart). 

current of the lirst- valve passes from to F 2 , thence to 
G 2 J II]. and F. Th(‘ batteiy IIj may be omitted if the other 
connections are left as shown. The best r(‘sults are obtained, 
however, when Hj is us(‘d. 

Maintaining Normal Grid Potentials in Resistance Amplifiers. 

— One of the irnpoitant j)roblems in the dt^sign of resistance 
amplifi(M‘s is the avoidance of communicating the potential 
drop across the resistatice to the grid of the sncjceeding valve. 
When a singk^ common anode battery is employed the use of 
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grid condeiisons overconies ilio ditricult-v, hut tin’s arran<»eTnent 
only lends itsell io the anijdifieation , of Ingli-frecjueney 
currents, \^y making tin* (*ond(‘nsers v(‘rv lai*g(*, low-Jrec]7ienev 
currents may he a.m])lified. If we desired'to amplify a st(‘ady 
pot(mtia.l we would have to re]>la.ee the grid (‘ondensers hy 
batteries connected so as to (»])])ose and neulialise the efi’ecd 
of the anode hattei'y. If (‘ach valve has a sejiaratc anod(' 
hatt^rv, oilier nudhods may he em]>loyed. AV(‘ can, for 
('xample, coiiiioct the grid and filanumt of the sr‘cond valvi' 
acioss the a.nod(‘ resistance and a poini on the anode battery 
of the previous va.lv(‘. An example of Ihis moihod is shown 
in Fig. 177, which illustra.t(\s Ihitish Patent I27()r)l (May 
1217) of Marctini's* Wireless T(‘l(‘yiraj>li ( o. and G. M. 
Wright. 

The ineliid(‘d [loition of the anode hattery is mad(‘. to 



Fig. 177. — Wright’s ro«iat.aiico afiiplificr 

balgtricc^ exactly the potential drop across the anode resistance. 
The potential of the second grid is consequently zcEi). 
Another arrangement ift to split the anodi‘ bfitteiy into two 
sec.tions and to jilace tlie anode resistance between the two 
sections. Lejids to tlu‘ second valve are taken from the 
tilament and the anode end (»f the anode resistance of the 
first valve. This arrangement is described incidcMitally in 
oiH' of Marius Lat-our's specification}-^* • 

Use of Choke-coil Couplings. A form of intervalvc^ coupling 
which may la* compared to that utilising resistances, is^tluat^ 
which <*mploys a choke-coil in the anode circuit of om*. valve 
and applies the oscillating potentials across it to the grid ()f a 
second valve. Such an arrangement is shown in Fig. 178. 
The anode circuit of the first valve consists of Pi, a choke coil 
Z having an iron core, an anode battery Hi and the filament Fi- 
A steady c.urrent will easily flow througli Z, which, however, 

* British Patent 148995 (Dec. Hi/18). 
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olT(‘.i’s« vt!rv (i()iisi(loi‘a.l)l<‘ iinpedaiRu*,* io i.he hi,i»]i-liequency 
])ot(*ntials <^sl.al^lisl^^Ml wIioh si,u;iia1s arc being received. These 
radio* free] I leiK'.y potc'iitials are eonscHjuenily impressed onjthe 
grid of tli(‘ seeona valve tliroiigli the medium of the grid 
eondensei* (J^,. Tliis s(‘eoiid valve ads as a detector and signals 
are produced iu the t(‘le])hones T. 

Features of Choke-coil Coupled Amplifiers.-- Tlie choke- 
coil Z may Ix' of quite low dii*ect curj’ent- resistance^, say, 
1,000 olims. Thisi n^sistanee is very small compared to the 
internal resistance of the valve, so tluit only a normal value 
of anode voltage is re(piir<xl, whereas a much larger anode 
I)atterv was nHjuircd for iis(‘ willi tlie resistance amplifiers 
just descrilxxi. ^ ^ 

Another advantage of choke-coils is that- the steady drop 



of ])oteiitial across Z is small since the direct .current resistance 
is almost lU'-gligiblc compared to the .resistance of the valve. 
If, llien, we c.ouriected the grid and filament of a second valve 
directly across Z, the grid of this scMxmd tuh(‘ would only 
receive a jxdeiitial of about — 1 volt, instead of abc'uit — 50 
volts as in tlu' cas(‘ of a resistance amplifier. This advantage 
allows^ ns, if we like*, to dispense with stoi)ping (xmdensers. 

A third jx'culiaiity of choke-coil amplifiers is that their 
im])qita,nc(* depends on Ihe imjMHlamx^ offered by iron-core 
chokes to high-fre(|ueiicy currcMits. Tliis im]>edance 
Z -- \/(277//.)27.2 _j 1(1 
where : it ~ - I re(|U(*ncy of oscillations 
L ■ inductance of choke-coil 
B. — resistance of choke-coil. 

We see from this that the greater the friiqucncy of the incoming 
oscillations, the greater will be the impedance offered to their 
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passage by the c.hoke Z.* Now since*, the effectiveness (Tf the 
amplifier depends on tin*, iin|)e.danc.(* off'^rc'd to oscillating 
ouriieiit, we will see* that the* arrangennnit of Fig. 171j will be* 
more* effeejtive for short wave*s than for long waves ; this 
f)e(niliarity makes a choke-cenl amplifier use',ful where, a ivsist- 
ance amplifier would be almost useh*ss. 1ffie desirability of 
using vacuum tubes of small internal capacity still heilds goe)d, 
but tl*e matter is not of the same impoj‘tanc\* as b(*fe)rc. 

We can sumrnaiise these points as follows : — 

(1) The resistance of the choke to direct current is small ; 

consequently, an ordinary anode battery is suitable. 

(2) The steady [lotential aca-oss the choke-coil is cmly about 

i volt, so that stopping condejisei s in succ(*eding grid 
circuits ar(* uTin('C(*ssarv when tin* va,lv(‘s ai e in seri(*.s. 



Fig, 179. — two-valvo receiving (iireuit in atIhcIi vaivt'.s arc o()\i])lo(l by a 
^ choki-coil. ^ 

(:l) C-hokocoil amj)lifiei*s arc* most (*ificient for receiving 
short waves sinc<* the impcidance of the choke is 
highest for these waves. 

Practical Choke-coil Circuit.* — Fig. 179 shows a two-valve 
choke-coil receive*!* adaptc*d from Fig. 178 for use with one 
anode and filament battery. The circuit needs no futtheT 
c*xplanation. Oscillating ])otentials at the foot of Z are 
imj)!*(\ssed on the grid of the second valve, which acts a?j a 
dc*.tcctor. 

An Oscillation Amplifier. — Fig. 180 shows the use of a choke- 
coil amplifier to magnify oscillations suppliecl by a source A. 
This class of circuit is of intc'.rc^st since it shows again how 
single anode and filament batteries may be c*.mployed. 

* See J. Sc.ott-Tiiggai t-, “ Use of Impecliinee (^Jipiieity and Kcsisianco 
Coupling in. Am plificiB,” Wirdc-^s World, Yeh. 1919. 
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Use of Iron-core Transformers —\Vo Iui,v(‘ already seen tlic 
use t)J' radio-i're(jiv‘iiC'y liaiisJ‘orin(‘j-.s in between ilie vaeunin 
tul>e‘s (J‘ a lii^li-^iequeney ain])]ifier. Marius ^Latour *r lias 



d(‘S('ril»ed tlie use of iroiw*ore transforiinns tuned to the radio 
fre(|ueney as int erniediary eduplinus hetwi'en valves in caseade. 

The basic, eireuii is sliowii in Kiu. 181. Ineoniini; oscilla- 
tions s(^t up inagnihod oscillations in the ;inodo circuit of the 
first valve which includes the primary winding Tj tuned by 
rnefins of a large variable condenser ( 'o fr(*f(uency of the 

oscillations jiassing through it. The oscillations passing 





l^IG. JSl. — Usr of an iron c-orc transformer tuned to liigli frerpirncies as a 
inoaiiB ol eouplinR two valves. 

through T| induce similar oscillations in the winding T 2 , 
which also is turn'd tb the incoming frequency by nu'ans of 
C 3 ; the translormcT may conveni(*ntly be of the step-iij) 
type in order to inerease the jiotentials ap})lied to the grid of 
the seeond valve, which is shown acting as a detee.tr>r. 

Tuning’ condensers an* sometimes omitted. 

Features of Iron-core Coupling Transformers. 

(1) Th(^y are highly selective. 

(2) By the use of st(*p-up transfornnus potentials may be 

* Marius Latour, Kirch let ft ft, Mav 23, lOlO. Also British Patent 
127318 (Ajiril ](i/17). 
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increased before beino apjdied to tlio ^rid of the 
next valve. # 

■•(II) 11iey^re(|nire expert desii'iiini; and pre not li>#(dy’to be 
of interest to the averas^e ex}H*rinient(‘r. 

(4) Tliey ar(‘. s])eeial]y suited for lon^-wave reception, 
owiii^ to the hii^h-inductance of t/he windin<>s. 

As evidence of the eHieieiu'v and S(*l(*etivit y of this tyjie of 
ainjilifier, Marius Ijatour states that a. six-'ia.lve amplifier was 
connected, to a few turns of wdre wound round a former a few 
feet in diamet.er and signals wiue received at Lyons from 
Annapolis ; by suitable* adjustments the local high-power 
station of Lyons^ a mile distant, could be completely tuned 
out, although working on a wavc-leiigth only 20 pei’ cent, 
different from that of Anna|)olis. 

Electrostatically Coupled Amplifiers. — This (hiss of coup- 
ling is not of gr(*, at int(‘iest and it is only juoposed to show 



" Fig. 182. — Shewing capaciUiLivu coupling Ik Iwccii two valves. ^ 

one (Lxample of its use.’ Fig. 182 shows the output circuit 
of (Rie valve coujiled to the injiiit circuit of a detecting valve 
by meaivs of the condensiu’s L.| and no magnetic, (u)u filing 
(‘xisting between Lo and Only one condcmsin- may be 
us(*,d if desired, the other being shorted. 

Separation of Oscillatory Circuit from Direct-current Anode 
Circuit. — A type of circuit fircjui'iitly used is that shown in 
Fig. 18^1 ((/). II is the anode battery with a high non-inductive • 
r(vsistau('.(‘ II iii series with it. The oscillating fiotentials across 
V and F ai'(‘ communicatp.d through the coupling condenser Vo 
to the aiKjde oscillatory circuit L 2 O 2 . No direct current now 
f)asses through the inductance L 2 , but only oscillatory cunimt. 
The resistane.e R is of about 100,009 ohms. This (‘liiuiit is 
similai* to one described by the Westei’ii Eleidrie- (V)mpaiiy 
(U.S.A.) in British Patent i02500 (Nov. 29/1915). 
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Ah^wo Lav(‘ alieady soen, Iloy A.* \V(‘af>ant lias used a 
choke-coil in ])lace of 11 which may conveniently consist of the 
t(5l(^p]ionp,s, if it is not desired to couple L3 to another vajvc 
383 ( 6 )). ‘ _ 

Areo and Moissnei* have sugpjest(‘d the type of circuit 

shown in Fig. 1 83(c) . 



'rhe direct anode cur- 
rent passes through 
cwcuiTor th(i choke-c.oil Z, the 
|n€xt vALVi oscillatory current 

liFDCSIRED , 

passing tiirouij:ti 
CgUC;. 

In all these cir- 
cuits it makes little 


ditT(3rence whether 



the anode oscillatory 
circ-uit is across 
anode and filament 
or merely across the 
](\sistance R or 
(;hoke-coil Z. If the 
circuit of Fig. 183(6) 
v; used, care must 
be taken not to 



short C 3 , otherwise 
H will discharge 
through L 3 and Z. 
As a general prin- 
ciple (particidarly 
whcii dealing with 
valv (3 transmission 
circuits) it is pre^- 
ferabh^ to avoid 


allowing the high- 

Fig • 183 {a). (M (r).-M<.|.l,o(ls of Bopiratins II..' f ..onuciic V currents 
IJ.r . current froin tlic steady anode ciiiT<*nt.. ^ "i i i 

to pass through the 

anode baitc^ry. It is thoirfcue advistable wlu^ii separating the 
two ( irciuits to connec*.t the oscillatory circuit across the anode 
and filament of the valve. 


In any of the circuits of Fig. 183, thci anode oscillatory 
circuit may be coupled dirc^ctly or indirectly to the grid circuit 
of another valve to obtain further amplification. 



CHAPTER VM. 


MULTI-STAGE LOW-EREQUENCY AMIMAKIERS. 

In thp ])ieccding chapter we have cou.sid(!i eil,the use of vacuum 
tubes ill cascade as amplifiers of high-fretpiemiv oscillations. 
These amplifiers for the most jtail are not suitable for magni- 
fying (uiri(!iit varialioiLs of low freiiuency. The resislauce 
amjilitiers would be suitable, but since they have already been 
discussed it. is no? nec.essary to repeal, jvhat was said before. 

Jjce de Forest was on<! of the lirst 1(» use valves in 
cascade, for amplifying purposes, and h(‘ (kscrihes one 
arrangement in British Patent 2(159/1 1 (June 21/15). 

Use of Iron-rore Transformers between Valves.— T'h(\ 
best form of coupling betwinm successive valvt's in a low- 
frequency amplifier consists of a stej»-up t ransformer. , The. 
design of this transformer is of utmost imjioiiancc. Hifl'ererit 
commercial types of amplifier vary a very great deal in the 
number of turns, resistance, ratio, etc., of their transformeis, 
but definite values are given as exanlJ)l(^s. 

Two facts are of interest. The use of iron-core transformers 
allows us to step-up the voltage variations in the anode circuit 
of one valve before ajiplying them tr» the guid of the next valve. 
We can consequently get veiy considerable magnification. 
We can also tune our transformers to a definite note frequency 
and thereby eliminate intm-fereiice to a certain extent. Some 
transformers are tuned t^) a frequency of about 1000, while 
in the case of others no attempt is made to resonate the trans- 
former to any special frequency. 

A Two-valve Low-frequency Amplifier.— Fig. 184 shows the 
basic circuit of a simple two-valve amplifier. .An input 
transformer T 1 T 2 is of the step-up type, having a ratio, 
say, of 1 to 10. Prom the point of view of efliciency closed- 
core transformers have been found best, although less 
distortion of the current variations is experienced with 
those having open cores. The greater the resistance of the 
circuit to which Ti is connected, the. higher should be the 
resistance of the winding Tj. The readej- will usually be using 
a low-frequency amplifier to magnify the rectified current 
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obtained from a valve detector, in which case the winding 
Tj will take th(‘ plVi(;(‘- of th(^ teJe])hon(‘- receivers. Since the 
resistance of llu*- am'de circuit is high, the rcNsistanc-v of the whid- 
ing Tj should filso be high. If, however, we make it too high, 
we not only make tlie constriKjtioii of the ti'ansformer more 
difficult but our a(*.tioii will necessitate' the use of a. hirgeu* anode 
batteu y in th(‘. circuit in which Ti is included. A jesistance of 
from 5(10 ohms to*S,000 ohms will be found aj)])ropriate. •' Tfie 
winding Tj may be tapped off into sec.tions if desiivd. 

The winding will usually have a much higlu'r r<‘sistaiice. 
The ste})ped-up \oltages across this windijig are ap|)lied f.o the 
grid and filament of an am])lifyiiig valve. small cell is 



connected in the* griel circuit te) increase* the* efficie*iicy e)f the 
valve as an amjdifier liy ])reve*ntiiig elampuig due te> tJie 
establishment r a grid current. J]i the* afieiele circuit we have 
the primary winding Tj, of a step-up ti^Misiormei- T3T4, whieh 
may have a ratie) ed ahenit 1 tei 5. The* seceuukary Tj e)l' this 
tiransfe)jmei- is conn(*e*ted across the^ grid mid filamemt *e)f a 
seic.emd amplifying valve in (he ane)ele\eij’cuit. e)f whie*h we cem- 
nect the tele*phe)nes T. 

Graphical Representation of h.F. Amplification.- Fig. 185 
shows graphically the*, amplificatiem which ge)e‘s em ijca sim])le 
twe)-valve low-frequency amplifier. The* fiist line she)ws the^ 
original cinrent variatiems which may ce)nve*niently be^ (U)n- 
sidered as being e^f the nat-ure of alternating current. The 
voltage e)f the*, alternating euiTe*ut is stepped np by the t-vans- 
fe)rmen* T1T2. The grid ])ote*ntia] of the first valve is the*,relore*, 
varied as she)wn in the seeemel line. This causes magnifieel 
variations in the*, ajiexle* eurre*,iit showji in the*, thii’el line. These* 
vajiations are steq)j)ed-uj) and aj)plie*d te) the giid e)f the seex)nd 
valve, the j)e)tential of which conseejuently varieis as shown in 
the fourth line. The l)ot,tom line of Fig. 185 represents the 
final current; variatie)iis, whieih aflect the telcphe)ncs T in 
the anode circuit e)f the seeemd valve. 
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Practical Two-valve ’L,F. Amplifier.— Fig. 186 shows a 
simple rearrange- 
mcjat of tile theo- alterna- 
]’eti(;al two-valv(' 
cire.iiit wc have 

just been clis(;uss- 
mg. it should 
be e.aiiefully noted 
how one giid . 

e(‘ll is used to , , 

give both grids ciirronl nf 

the sam(' negat-i ve 
j)oten1ial ; how 
one anod(‘ battery 
anc 1 1 i I am ent-li eat - 
ing aeeiimulator 
an^ used ; mid J.f^srcoml 

liow^ one iilaim'iit luix,-. 
eurrent i(‘gulat()r 
II varies the fila- 
ment eurrent' ot 
both valves at the 
same time. 'rh(^s(‘ 
ammf-oinciits (iiiii ..f 

))(', SO made. sic<»ikI 
since both vacuum • 
tubes ar(’ being 
used as am])1i- 
liers under (^xact ly Fiq. iSi -OrapliicaJ repri'-aoiitation ol llui ainplifi- 
the same* COndi- cation ol)LaineU with a Fig J St circuit. 

tioiis. This is poss mlv beeaust^ tlie maiiulaeture of 







Fig. 18().— a practical lwo-slag(! 1..F. amplifier. 

vacuum tubes lias reached sueJi a degree*- of jierfcction that 



224 


Thermionic Vacuum Tures. 


any two valves of the same make C5an usually be relied upon 
to have almost the 'same chara(*t eristics. 

The anode circuit of the lirst valve consists of T^? H, 
and thence to tlu' filanumt. h\. (^^irreiit vajifitions in T3 are 
stepped-up in T.^ and a])})lied to the giid of the s(‘cond valve 
whichj together with that fd the first, should prcfeiably be 
kept at a negative ])otential by means of a small dry cell Bo, 
one or two cells with a. switch, or a })olentiometer eomvected 
in plac(‘ of Magnified current variations jiass loiind the 
anode circuit of the second vacuum tube which consists of 1\., 
the telephoiu's T (oj- the liigh-resisiance winding of a t(‘l(‘|)hon(5 
transformer, if tin* laitin* is us(‘d)- the l)att(;iv 11, and thence 
to the filament Fo ol‘ the si‘( ond valve*. 

The o})eration of the device* simply cemsists in adjusting 
the anode* vedtage* by means e)f II. which is usually variiible in 
steps of abend 10 oj* lb vedfs, and tin* lihimejif cmTeiil rheostat 



K until the Jiece*ssai'y strength ed signals is e>btaiiied. ■ The 
maximum strength is usually obtained when thej A^alne's ed both 
filament current and anode voltage are high. The anenle (•urj e*nt 
curve is rathei’ more steep unden* theses (‘onditiems. On a 
certain class of valve, 4 vedts aenoss the filaments and 70 ve)lts 
on the ane)des gave*, the lemdejst results. Quite geieid results, 
he)wever, are obtained with smaller anode ve)ltage\s, su(*h as 
20 vedts, but the filament curre*nt slienild be decreased at the 
same time. These two adjustablcs slie>iild ahvays be varied 
together in the same direction ; the reason is that by se) de)ing 
we keep the operating peiiut on the same redative pe)sition em 
the ane)dc current curve, this position being such that the 
representative pe)int does not leave the steep straight peirtion 
e)f the cui’ve when the amplifier is in a(d.ie)n. 

Three-valve L.P. Amplifiers. — Fig. 187 she)w.s a diagram of 
a practical tluce-stagc l()w-lre*(|ueine;y amplifie*j*. It is the5 
obvious deveVipmeni of the practical twei-valve*. amplifier. 



]^qltt-Stagk Low-Frequency Amplifiers. 


225 


Instead of passing the a.'nplified current variations throrfuii our 
’phones we pass them throifgh a st(»p-uv transformer Tr.Tg. 
th^ secondary of which is conneeled across tlic' ^rid, and Vila- 
Tiient of a third vacuum tu]>e. 

The Viijr. 187 ci?*cnit is essentially a practical amjJifier 
for f^eneral use on a wireless receivini^ station. All three 
filaments are h<‘at(‘d through a variable r(\sista,n(u^ L (max. 
5 to JO ohms) by a four or six-volt accupiulator Li. The 
winding T] is of liigh resistance, say, 3,000 olnns, and will 
geneially be included in the anode circuit of a rectifying 
valve. The. ti*ans1orniers T 3 T 4 and are inter- valve 

step-up transfoT'mers having a ratio of betw(‘en 1 to 5 and 
1 to 10. The jjfitential of all three^ grids is adjusted to a 
negative valm^ by means of a battery Bo, variable by means of 
!i radial switch in steps of volts (the voltage of each" cell). 


L r AMPLinrR 



Fig. 18 S — A foiii -stage ai^io-frequcncy amplifier cemnoctod to a wirclcHS 
receiving circuit. 

A potentiometer ismot recommended since the cells in it usually 
last only a short time. A single grid cell usually suffices. 

A tel(‘.phonc st(ip-down transformer T 7 T 3 is included in 
the anode cii’cuit of the last valve. This is })r(d'erable to 
having tlTe telej)hone receivers directly in that ciicuit. In any 
\'alve circuit such a transformer may bo used in place of the 
'phones with advantage. m * 

An amplifier ol the abov(‘ ty]>e is of very great use as a 
s('])ara.t/(*. instrument which can be connected to any receiving 
detector circuit. It may niountcMl in a box or on a base- 
board provided with six terminals ; two for the, transformei- 
winding Tj ; two for tlu' filament heating ac.(*iimulator, and 
two for the anode battery, unless the latter is small and can be 
mounted in the same box as the amplifier itself. 

A Four-valve L.F. Amplifier. — Fig. 188 shows tie arrange- 
ment of a four-valve amplifier, which is probably the most 

Q 
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useful 'kind wlieji used in conjiine-tioni* with a sini;le detectini^ 
valve, hi the is shown flu* manner in which a low- 

fr(Mju(me. 3 ^' amplifier is usually emidoved.* Tlie advaiitii!;e of 
usinj^ a (lek^ctor valve, followed hv a number of am])lifyin;^ 
valves is that- tuning is very (piie-kly aeeomplished. There 
are no tuiKnl intermediary circuits ; tlie amjilitiei’ works ecpially 
well for any wave-le.iijj;! h. On the (►th(‘.r hand tlie arraJi^e- 
meiit is not as eflieiejit as it apjiears. By usini!: such a circuit 
w(*.u.k si^mils are not very eflicienlly r(*.ceiv(*d sinc.(‘ tin* first 
valve do(‘s not rectify such sij^nals to any I'xtent. For stroiiu 
signals, or wIkmv we d(\sirc to n^produi'c idn‘a.dy i^ood signals 
on a still loud(*r scab* f(»r some sjiecial ])iirpose, the (‘irciiit is 
oood. Ihit modern endeavour should he iir the dinrtion of 
the (‘limiuiition of iijt(Tfei‘<‘nce and tli(‘ recc^plion of very weak 
signals over loni: rant»(‘s ; foi* tliis ])urpose tlu‘ circuits of tln' 
previous chajik'r are to be juxderred. 

The Elimination of Noise in Amplifiers. — Om* of tlu' dilli- 
cultie-s of amplifiei' desiiiii consists of th<» eliftiinat ion of various 
sizzling, (uacklini*, or howdiri^ noises which frequently ari*. heaj'd 
in amplifiers luiviui; several valves. These nois(‘S are due 
largely t.o t he followimr causes : - 

(1) Faulty iusulatiou of the am|)lifi(*r. 

(2) 1'iansformer leakages. , 

(o) Eddy currents in iron cor(*s. 

(4) UneviMi discharge of filament heating battery or anode 
battery. 

(b) Faulty anode battmy. * 

(6) Microphonii* noises due to vibration. 

(7) Undesirabh' capacity effects. 

(8) Leakaai*- of current through the o] ana tor faultily 

insulated telephone r(‘ceivers. 

(9) S(*lf-oscillation of the valves. 

(iV)) l)(‘fective vaeiAim tubes, sueb as those* havin<jj jj^rids 
or anod(*s wliieh are not- rijiid. 

I 

The noises due to the above effeets may sonud.imes drown 
the si<iiia.ls acd.ually Ix'iim received. They can usually he 
eliminated by decreasinu the filament curremt;, thendiy lirinirin^' 
us on to a less steej) jiortion of the anode current curve* ; at the 

* Th<‘ .'lanK? anoUci IkU torv^ and lilanieiit accuunjlat-or iiiav ta* iJSf*d 
irislrael ot Jiavinj^ srparatc, otus This ji]»])]h‘s to ilic oomhiiiiim c»r all 
c.ircuils hi Avliioh lln* anralr lia.lti‘iy (*otik‘s m xl to Ihc accnmiila lor 
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siuno lime, however, tlni signals are also weakened, alHioiiyli 
usually not. qiiiti* to the same extent. 

1'he greatest eare should be (»xen*ised in insiilatinu all*|)ar1s 
of amplifiers, partieularly the transforiTiers, whic^i usually 
i^ive most trouble. Noises can frequently be l(‘ssejied by 
eonnee-thii; th<^ iron cores of the transformers all to.<»eth(M’ by 
means of a wire, which is then connected to the positive pole 
of the anod('. batt(‘ry. The am])lilier may also Ik* made to 
function more (jui(‘tly sometim(‘S by connectinii; to^(‘ther the 
two bottoiii ends of tin* windiiiujs of the injiut transfoinier ; 
in otIuT words connectint* one or othei- of the in]>nt terminals 
(bnmd by triid) to the n(‘i»ative side of tin*, lilament-heatin^ 
batt(*ry. 'Fliis bjttery sliould jiieferably be lar!j,e (sav, 80 
amjiere-hours) t.() olitain a more unilorm dischari;!*. Small 
ai'cii midat.ois are ajit to dis(diari;e somewhat (MTatic-ally . More- 
over, the use of a lari>e a(*xninmlator will not lU'cessitatti the 
eontinual r(‘.adjustment of the rhiHistat Ji. The anode battery 
also should be lairlV lar^e, althou^li a small one may be more 
convenient, iluode. batteries comjiosed of very small cells are 
usually troublesoni(\ and soon run down. Th(‘, vcny j^reJatest 
can^ should be exercised in insulating each cell in the battery. 

Microphonic noises an*, those heard in the ’jihones when the 
valves of an amplifier vibrate. If the first valve of a thr(‘e- 
stag(* amjdiiicr is tapped, a loud click is usually heard in the 
telephones. This is a Jood sign as it shows that th(^ amplirK*r 
s in a s(‘nsit.ive condition, ^rrouble, however, is (‘xperienced 
when tlie table on* which the amplili(u* may stand is caiisech. 
from some U'ason or other, to vibrate. Crackling noises are 
heaid in tin* receivers. Tlusse may be eliminate.d by standing 
tin* amplifier on shock-abs(»rbing rubber legs or by suspending 
the valve*holders on rubber cords. 

1 ■nd(*sirable ca])acity effects, which freqiH*ntly ])roduce 
singing noises, may usually be prevented by separating the 
various leads and parts of the amplifier as much as possible. 
Som(*times, as in ceifain German amj>hfiers, each trans- 
foi’mer is c.omplet(*ly encas(*d in closed chopper cylindi’ical cases, 
which are all eai thed or connected to some j)oiiit of the circuit.* 
The Jkitish Marconi (\)mpany enclose their seven- valve 
amplifier, Tyj)e 55, in an enamelled tin box to sc.n^en it from 
outside eflfc^cts. 

N(*edless to say, tin* telephone rec(*iv(‘]s should b(*. carefully 
* 8rr Britisil I4818.‘i (Nov. I(i 15). 
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iiisulftfbed from the metal easing and h(‘-ad-band as well as inter- 
nally. Conn('(*ting,th(‘. ’phones in the main anode circuit very 
s()on*de.sti'o\\s the insulation and it is far more economical in 
the end to use a ‘telephone step-down transformer. A good 
])jo])oriion of the noisiness of valve circuits is due to badly 
insulated teh'jdiones. A pair of 'phones should lu^ver be 
worn for more i han a few hours at a time ; it is then desirable 
tf) change them, hmiging up the us(‘d pair t(» allow tlu*. moisture 
condensed in them to evafiorate. If the 'phones arc*, leaking, 
the nois(*s heard can frequently be stopp(*d if the* o])erator lifts 
his feet off the ground or otherwise insulates himself. 

Sometimes the valves of an amplifier commenc*.e to generate 
oscillations of th(‘ii* own accord. Ihe oscillations arc usually 
of various harmonic frecjuencies and account for the fact that 
continuous wave signals are sometimes acjcidentally received. 
Sometimes the valvcis oscillate at a low frequency,, j)roducing 
a continuous howling noise. Self- oscillation can usually be 
stop])ed by lessening the filament (‘ui reut. The* valves generally 
lend to (oscillate at frequencies well above audibility, that is, 
u.t a frequency of more than about 10,()()(). ^rhe phenomenon 
of self-oscillation is usually only juet wit h when the amplifier 
is being used in connectioji with a circuit receiving long waves ; 
this, of course, is because the natural wavivlength of the 
transformer windings is long on account of the high value of 
the inductances. Self-oscillation und^ these conditions ma.y 
be prevented by connecting a fixed condenser and a^ non- 
inductive resistance in series with it across the grid and fila- 
ment of the first amplifier valve, or of aii}' of the su(*.ceeding 
valves as may be found best. A positive jiotential on the 
grids will also usually ])revent oscillation through a damping 
effect, but signals will l)e decreased. 

The effectiveness of an amplifier depends largely on the 
uniform cbaracteristicsiof the vacuum tubes used. Sometimes 
one of the valves functions a little differently from the othesrs 
or is defective. If then an amplifier is noisy, changing the. rela- 
tive positions of the valves or trying fresh ones, may result in 
the moje efficient working of the cinmit. 

Use of Auto-transformer Couplings.- Instead of the tians- 
formers discussed above we ought use auto-transformers for e(‘.r- 
tain purposes. A porlfon of a single winding is includ(*.d in 
the anode circuit of a valve and the whole winding may be 
connected across grid and filament of the next tube. 
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Degree of Amplification Attainable.— The student must 
realise at this stage that amplification cannot go on fop <‘ver 
merely by adding more and mo re val ves to a*circuit . f JompJ ica- 
tions soon set in. The slightest leakage anywhere would cause 
a roar in the telephones of, say, a twelve- valve amplifier whicJi 
would magnify various parasitic jioises which are heard even on 
athree-valve instrument. If signals are very weak to begmwith, 
the ^rious noises will probably completely drown the signals 
and further amplification will increases the strength of the 
disturbances even moie than the signals. Quite apart from 
this practi(',al question, the degree of amidification is limited 
by the (‘baracterisiics of the type of va 1 ve us(‘d. The maximum 
amplification is obtaiu(*d when tlui ‘varying grid potential 
varies the anodes currejit from satmation value to zero. If 
this ha})pens, say, at the eighth valve, the following valves 
c*annot amplify, but merely distort the wav(‘.-form of the cur- 
]*(int variations, W we desired a very high degree of ampli- 
fication we have consequently to use a laiger size of valve 
after the eighth, or (‘.onnect valves in })arallel. Alternaftvely 
we might increase the anode jxitentials of successive valves. 
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COMIilNED llKUl AND LOW-KKEDl’EN(!Y AMI’LIKIEKS. 

Detector- Amplifiers. — A fciini of (lct(‘.(‘U*'-am])liiior wliicli 
lias l»(‘(‘]i l'orosha(lov\(‘(T is tliaf. vviiicli consists of a dcicctiiif; 
valve followed by one or more low-freqneiu y ainjili- 
fyiii;* tubes. Tlie advantafjes and (lisadvaiit.af!,es of this 
arrani^enieiii have been already jriven. The chief advantage 
lies in the convenient, arrangement of the v.iicuits which lend 
themselves to being made up in the form of compact ijiistrn- 
nieiits re(piiring no adjustments. 

The fundamental circuit of t.his tyjie of anijilifh'r is shown 
in l^’ig. 189. The first valve acts as a det('.ct.oi. The low- 



Fm. 189. — Two-valvo n'ccivcr consisting of n rectifying valve followed by 
, one iMiting as a Ji.F. ainplilier. 

frequency variations of anode current, are. st.epped uji h)' the 
transformer TiTo and amplified in the second vacuum t ube. 

Fig. 190 shows how this circuit, may he alten^d into a 
practical dctector-amjihfier. The input terminals 1, N are 
shown connected to a .simple reet'iviug circuit. A fixed con- 
denser (fj is shown across Tj, This usually improves the 
strength of signals. The m'gative side of H may wit.li 
advantage always he connected to the jmiiitire side of lij. 

A Three-valve Detector- Amplifierj— A three- valve detector- 

230 
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ain])li(i('r is shuwii in Fii;. 191. Tli<‘ ilist valve is aetiji^ as a 
dotoc.to]- and tln^ seeniid and third as anipfiliors of tli(‘ jv^difiod 
si!j;nals. A tiinall fixed (•.ojideiis(‘i' (‘o in f InwaniKh^ eir#-uit of lln* 
reetiiyini; valv(‘. usually str(;n»;iliens t.h(‘ sii»iials somewhat., 
riiis eoud<‘ns<u‘ is an a.dvant.ai;(‘ in a.ll aiuxU^ oiicuits of reetifyiinj; 



lUO. -A two-valve (l(‘i(‘ci.(H-amplilier circuit eoiinccled tu llic 
o^cilljit/orv circuit ot a i(‘ct‘iv(‘r. • 

valves. It hy-j)a.sses the liii^h-fretpnuK'V e.oinponcnt of the 
anode current of tlie dtdeetor valve in addition to its low- 
freijueiH'y functions.* A toli^phonti transform or is showii con 
iieetod in Ili(‘ anode (ircnit, of the last valvtj. The filament 
cnrreiit of the re.ctilying valve is shown variable by means 
ol a s(‘])arfit.e rlauvstat n.], ^ 



Combined High- and Low-irequency Amplifiers. — The 

reade.r, no doubt, will by now have realised that a coTnbijiation 
of hi.t;h“ and low-fnxpiency amjdification is possible with the 
aid of three valves, as showji in Kiu;. 192. The coil in this 
figure is showji rou<^hly aperiodic, but it. mii'Jit (easily be 
tun(Hl by c()nn(^ctin.o a varial)le condenser across it. 
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Fig. 193 shows the same circuit in praiitical form. The 
lirst valve ai^ts as a' high-frequency amplifier, the oscillations 
taking place in tie circuit L 2 C 2 - The second valve is fitted 
with a leaky grid condenser which rectifies the oscillating 
potentials irii})iessed on the grid. The rectified pulses which 
aie stepped-up by the transformer Tjl '2 amplified by the 



Eia. 1JI2. — Kooeivinj; c‘irc;iiit in wJiich V, acts as an oscillation amplilicr, 
Vj as a detector, and V, as a L. E. amplifier. 

last valve. It will be seen that .sinct^ tlie first and third valves 
act aj amplifiers (the iirst as a lugh-fre,<pi(‘ncy and the last as 
a low-fre(iuency amplifi(n), the sam<‘ rlieostat Kj will serve to 
regulate their filament curr(‘jjts. The rheostat R 2 
one used for regulating the current through tlic filament of 



the rectifying valve. The grid cell B 2 arranged to give the 
grids of the first and third valve.s a negative potential. 

This tyjie of amplifier is very suitable for the leception of 
weak signals, which are first strcngthimed by the first valve 
before being appliiid to the detecting valve. 

A Four-valve Combined Amplifier. — Fig. 194 shows a four- 
valve amplifiei' designed on similar lines, but having aperiodic 
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indircctly-coupled oscillatory ciiciiits between the first tMro 

valves, which are acting as high-frcqiioncy amplifiers. .The 
thirS vacuunk tube acts as a detector and th« last ontf as a low 
frequency amplifier of the currents rectified by the thiid 
valve. As before, the rheostat Rj varies the filament current 



Fig. li»l. — A foiir-valvfi recoiver cotiibming Tl.F. amplificatiori, detection, 
und L.F. anip]ifit*atioii. 

of the Lst, 2ii(l and 'Itli vjilves. all of which act as ainpliliers. 
The amplifier is shown c.oinu'cled to a sinqde i(‘C(‘iving circuit. 

Combined Resistance and L.F. Amplifier. — It is obvious 
that we could use a receiver consisting of a resistance amplifier 
followed by a low-fr(iqufncy amplifier. Siuh a (dreuit is showrii 
in Fig. 195. The first vacuum tube acts as a high-frequency 



Fia. 195 . — A combined resistance H.F. ampliiicr, detector, and L.F. 
amplifier. 

amplifier ; the second as d rectifier, and the last as a low- 
frequency amplifier. 

Fig. 196 shows this circuit in practical forni. It has the 
advantage of being suitable for receiving weak signals and yet 
being without troublesome tuned intermediary circuits. It is 



2:V1 T 1 1 v: w m k )m c Vacuu m T i : liKs . 

tlKiHiioiT very suiUiil)](^ lor wojk wIhmt 

it is desired to ehani;(‘ rajndly Iroin oii(‘ wav(‘-leiiytli to ajiotlu'r. 

Connecting-up Circuits.- The reader is a.<;aiii Neminded 'rtiat 
instead of arra-n^ini; all thesis various eirenits as sliown, it is 
usually ])refera.l)le to lia\<*, say, a thr(‘(*-va.l\e low-frequejiey 
aniplilitu- wliieli may l)e eoimeeted rajiidly 1<» any ( ireuit. 1'liis 
latter eireuit may he varied as much as }><>ssi))le without 
alteration to the lovv-frequen(*y am]>liflor which can Always, 
he conmH,l(‘d to any eireuit. Both the e\jK‘rimejitaI circuit 
and the low-1 r(‘(|uency amjdiiier may have, the filanuMits (»1 
thiar vaKcs heat.i‘d liy the same accumulator, and the saim* 
anod(‘, hattery may lx* (‘inplnyed if no circu its in either ( asc. 
came b<‘twe(‘n this hat t in y and tlu' tilament liattmy. 

Fii^. 197 is an examph* of the method i (‘commended. It 



Fkj. liH». — J*ia.ctu Jil furjii nl Fij; iar» circuit 


shows a se])arate tlirc^e-valve L.K. ampliiii'r connected to a, 
hiiih-frecpiency amplifier possessing tuned inter- valves oscilla- 
tory circuits. The l(*tt(U‘ A represents the ex})erim(Miia1 circuit 
and B the low-fnMjuency amplifuT. A franui ac-rial L is 
shown. The anodes batbuy IIj may b(' us(‘-d if desij(‘d for the 
B circuit as well as the*. A circuit-. 

Ki^. 198 is an example of a radio-frixpumcy am}>lifi(‘i 
followed by a (hdoetor aTn])lifier of tlu‘ t vjx* which ha,s a rec.ti- 
fvinjj; valve folhnved ly one or two L K. amplifying: va1v(^s. 
The e-ircuit is really still the sanii*. as Kiu'. J97, but has 
be(‘ii divide, d into two separate typ<^s of amj)lifi(*r. The l)att(My 
IL mi;:ht be left out and the dott(‘(l line c,()nn(*etion made. 

A Combined Two- valve Amplifier. — ()n(‘ of the most useful 
typ(\s consists of a twx)-valv(‘ am])liti(‘r, the first vaivci of 
which may he used as a (hd,(‘ctor if (l(‘sire(l 199). Thrt‘e 

input t-erminals X, Y, Z are shown. Tin*, last two are the low- 



Combined Hioh and Low-FitEguENCY Amblikieus. 


2:35 



frequency amplifier terminals. Connection is iiiade to X and 
‘Z when it is desired to ustj the aiTani»enient {is a low-fi'i^quency 


Fro. ins. — Oscillation amplitier followed by a dctector-.implitiei . 
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detector amplifier. The step-up transfornuu* T/fo i« only 
brought into operation when the two valves aie used as low- 
f requeue J amplifieis. When the terminals X and Z arc used, 
the transformer is cut out of the cireiiit. 

A two-way switch S is provided, which is j)laced on the stud 
D when the terminals X and Z are used. This brings into 
operation th(^ leaky grid condenser C, which makes the first 



Fig. 199. — two-valve (urcuit for uh(‘ jis a L.F. aniplilior or c]er.c('lor- 

aiiiplUici*. 

valve a(jt as a detectoi*. This leak}’ grid coiidtnser may for 
certain purposes ]»e shorted by a switch K. The switch >S is 
moved to A when the terminals Y and Z are us(‘d. The secon- 
dary T2 of the step-up transformer T1T2 is now (;oimected 
across th('. grid and filament of the fi^st valves J^oth tubes 



Fio. *200. — Showing the use of the L.F. circuits ot a combined ampliiier for 
* amplifying rectified currents obtained from an (experimental circuit. 


now act as low-frcquency amplifiers, a small cell Bg giving 
their grids a negative potential. 

The temperature of the filaments, as shown coinpaj atively 
by their brightness, is varied by means of rheostats Rj and R2. 
The latter can generally be omitted, bul. the filament current of 
a valve to be used as a detector should preferably be variable. 
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A connection is taken ^rom Z to the filament. This steadies 
the action of the amplifier and enables us to use three terminals. 

Examples of Use of Combined Amplifiers. — Fig. 200 shows 
a circuit in which the amplifier is connected to act as an ampli- 
fi(ir of the rectific'd j)iilses obtained in the anode circuit of a 
valve. On some (•irf'.nits there may already be a telephone 
transforiTH^r in us(^, in which case tlie terminals Y and Z are 
connect(Hl t.o the t-eh^plione terminals of the transformer. 
The i*bctified jmls(\s are now twice transformed and a loss of 
signal strength is thereby iiuiurred. It is pref(iiablc to use 
the connections of Fig. 200.* 

Fig. 201 shows the amplifier being used as a detector- 
amplifier. The s"iep-up transformer is now out of circ.uit. 
The ierminals used and the position of*S should be noted. 



Fig. 20] . — Example of the usq oi the detector circuits of a combined amplifier. 

Tiie terminals X, Z, are comiected across the circuit in \\ liich oscillations 

aie flowing. 

Below is a sumlnary of the uses of the amplifier and th^ 
correct connections to make : — 

Terminals X, Z. Switch S at D. Switch K open. 

(1) ITs^cd as detector amplifier. X and Z may be con- 

nected across any oscillatory circuit. 

(2) X and Z may be connected across the resistance of a 

resist ance oscillation ampliliei^ • 

Terminals X, Z. Switch S at I). Switch K closed. 

(1) Used as a low-frerpiency amplifier without a stejf-up 

transformer-. X and Z may be connected across the 
t(‘l(^phom' (tondenser* of a. crystal detector receiving 
circuit. 

(2) X and Z may be connected acr oss the resistance of a 

resistance detector amplifier, provided there are 
rectified currents passing through the resistance. 

* In this arrangement soparato batteries ore necessary. This is a dis- 
advantage of the amplifier of Fig. 199. Four terminals are preferable. 
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(3) X and Z may bo connected across the tcJephoiie tcu- 

iiiiiials of a (lircuit already oinjdoyiiig a telephone 
* transformer. If this transformer is of the step- 
*d()wn type, as it usually is. the arran^einent is not 
very cJIicicuit. 

(4) X and Z ma}^ l)e connected across any circuit- in which 

lowdreqiumc.y cunejit varijitions are takini!, place. 



Fio. 202. — Viioimm tulx*. uhccI as an amplifier ot tiic* re(5tifi(^d pulse.® iiorn a 

crystal dek‘ctor 

Terminals Y, Z. Switch at A. Switcli K clos(*d or op(‘n. 

(1) l/S(‘d as a low-fre(|uency ampJHier with stej>-up injait 
transformer. Y and Z may Ix^ connc'cted across 
tlie telephone condcnsf^i ol a (;ry5l-.‘tl d(d/r‘(d/or recixvint' 
circuit. • 


V 



« 


Fjc 203. — Use oi vacuum tul)os witli rrystal detotor. 

(2) Y and Z may be connected in pliice of tin* t<‘-l(‘j)hones 

in tlie anode circuit of a vacuum tube used as a 
det(‘,ctor. 

(3) To Y and Z may be connected any circuit in which 

flow' current variations which an; to lx* ainjAilied. 
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Three-valve Amplifier. — It will bo roadily soeii, that 
instt‘a.d ol two valvos, tlirec^ may bo iis(id without- all cuiiii; the 
jj;onoral aTraui>(Miion1.. 

tJse of Crystals in Conjunction with Amplifiers. •-Crystal 


do,t(‘(*.toi*s may l>o usod iu any part 
of a. oirc-uit wiioro a dotoctiiii^ valv(‘ 
would jioiFnally b»‘ Uvsed. Kii;. 202 
shows a. vory sim])lo. cin'Uit whore* 
tho A^.lvo is usod as au am])lilior. 
lusioad of oTio valv(‘ we cemld use 
S(‘voral in llio form of au amplilic*!. 

Kiu. 2tl3 shf)ws a circuit in wlile h 
llio lirst valv(‘. acV as an am]»lili(‘r 
of ijicomuu: osc illations. A radio- 
fn^piomy Irausformor L^jL^ passes 
tlio am]>lifiod oscillations on to a 
d(‘t(i('tor ('ircuit (‘outaininu a crystal 
d(‘tc‘(‘,1-or ]). Th(‘ •lociifiod pulses 
are thou j)assed on })y iij(*ans of a. 
sl-(‘|)-n]) trajisformer to the second 
valv'o Vo, which is used as a l(»\v- 
fi'ecjuency a-mplilirr. li\ tin* amah- 
circ-iiit of the second valve* is a 
transformer h>rit)\vf‘d by a pair 

of yiiones T oi* some* c'ther indicatoi. 
This circuit is ^iv(‘n b^' the (h*s. fiir 
l)ra.hth>s(* Tel'*<j rapine in British 
Patent 882-1/13 (Aj)ril 13 13). It 
is stated that the radio-1 roe piency 
tiansformer h;jL| may be dis]H*nsed 
w'th. the* detector 1) beiiii; ])laced 
directly in tin* ln'uli-fitHpi(*ncv 
circuit. 

Two French Combined Ampli- 
fiers. — Fi.u. 2d4 shows a, type* e)f 
arnplihe*! wliie h has been ele*veloped 
bv Marins Latonr.* The Jlrst tliree* 



valve\s act as hii»li-freepiency am])li- 

fi(*rs. AltJioui>h ii’em-core transformers are used, v(*rv ujood 


re*snlts have bee'ii e)btaine*d, be)lh primary and secondary 
windinus beinj; IuiumI te» tin* incominjj: wave-length. The 


RriMslc Patent. iaeK)l2 tN<»v. .‘tU/Kit 
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third valve acts as a detc^ctor aiii the rerriaining three as 
low frequciKjy anipliliers of the rectified current. This circuit 
was’ desiixned for the recjoption of loujj; waves. To prevent 
this class of cii-cuiu from oseillfitini; of its own at^cord a resist 
ance II may be connected across llie pid and filament of the 
second valve as shown. Other methods have* previonslv 
been described. 

Fie 2 t )5 shoAvs rather a coinj)l(*x am])li(ier develoj)ed by 
Marbis Tjatonr.* It (H)nsists of four valves, the first threes of * 
w .iich act as lii,i;h-frequcncy amplifiers, the valves being coupled 
together by transformers TjT2, T3T4. and Tr/Pg. w^hich are 
designed for a limited range of wave-length. The fourth 



Fig. 205. — Korn -valve H.F araplifior in wliicli the poctifiecl pulses are led 
back from the last valve and amplilied by the sysUMu. 


valve acts as a detc'cfoi-, th(‘, re.ctili(‘d curient being now Ic^d 
from P4 through the primary T7 of a step-uj) transformej* 
TrjTg and thenc.c'. to tln^ anode battery H and the filament. The 
secondary winding Tg of the transformer T7T8 is includ(d in 
the grid circuit of th(^ second valve, which const*, quently ampli- 
fies, the low-frequency pulses at the same time as the higli- 
fr(*,quency oscillations. Thest* latter, liowever, do not pass 
through Tg but through the sluinted eoudenser C3. The low- 
frcquency pulses are amplified bv the second valve and pass 
through the primary winding T9 of a, st(*p-u]) transformer 
T9T10, the secondary Tio of which is iu thf*. grid circuit* of the 
third valve. This valve also magnifit^s the low^-frequency 
♦ See Biitish Patents, 131092 (A]n il .30/17) and 1.32008 (Nov 17/17) 
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pulses which now influ Ace the telephones T included *in the 
anode circuit of the third valve. Fixed condensers are 
connected across Tg, Tg, Tio, and T in order tjiat *these 
windings shall not affect the high-frequency oscillations flowing 
simultaneously in the same circuits. 

This circuit would appeal to be highly sensitive. It is not, 
however, as sensitive as might be supposed, and the range of 
wav(i-lengths it can receive is very limited. This is due to 
the natural wave-length of the high-frequency iron-core 
transformers T1T2, T3T4, and TgTg. Circuits of this type 
may be arranged so that oscillation transformers replace the 
iron-core transformers whicli are used to j)ass on the H.F. 
currents. * 



CHAPTEJt JX. 

JMuLTI-StAGE JlETKOACmVlO J^KCKJViNG* (’llUHJJTS. 

We U(»w coinr to 11 sei jc‘-s <»1 circuits cmj>loyiii!^ more thiiii one 
vacuum tube and which utilise the j)lu‘nomt‘/^on oJ retroac't ive 
or re-ireiierative amplification. 

A Two-valve Retroactive Circuit- -Eij^. t^UG sIioavs how a 
two-valve circuit employing retroaction may b(* arraiii;ed. 



Fio. 20(i. — Simple two-valve retroactive circuit 

A portion R of the aerkil inductancci is coupled to the induc- 
tance Jj2 whicli, in the*, fimirc^, is shown apt^riodic. Retroaction 
is thtis obtained and tli(‘ mai^nified oscillations are then applied 
to asecond vacuum tube V2, which is arranged to act as a det(ictoj-. 
If the range of wave-lengths to be received is wide, the induc- 
tance 1^2 should b(i variable in st(tps. Jf desired, the cireuit 
may be tuned by the addition of a variable cemdenser across 
L2 ; although rather more efficient, this arrangement will 
require careful tuning. 

Practical Two-valve Retroactive Circuit. — Fig. 207 shows a 

212 
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very useful retroactivelcircuit in which only one anodif battery 
and one filainent-heatinj^ accnniulator i§ used. Its principle 
is,siinilar to that of 206 . It is especially suita1)le for 
receivin<.5 lohg waves since the use of a srflall retroactor coil R 
is more convenient for coupling pnj*])oses tJian* the Lar^c 
inductance L2. For short waves, however, the coil L2 be 
coupled to L3 and the small separate c,oiJ R eliminated. The 
ano^e oscillatory circuit L3C3 is shown tuned. 

The second valve is connected in th(^ usual way as a detector. 
If it is not d(*sired to have a separate aerial circuit LjCj, the 
aerial and earth conn(H*,t/ions may be made to the ^rid oscil- 
latorv circuit as shown bv the dott.(‘d lim^s. 



Eicj 207 ’ — Practical two-valve rctnmclivc' rec(‘iM*r. 

This class of circuit, is to be highly recommeud(‘d as y 
receivei;of damped wav(\s. Tt may also be used as a rec^eiver 
of continuous waves as will be ex])lained later. 

Method of Tuning Fig. 207 Circuit.— The best nu thod of 
tunin.12: a circuit of the Fi.i^. 207 circuit, is as follows : Tighten 
the couplinj^ between L] and Lo. Loosen tliat between 
R and L3. Disconnect one side of C.j (a switch may b(»pr<-^ 
vid(^d) or adjust it to the minimum capacity : adjust L3 to a 
low value ; the anode oscillatory circuit will now be a])eriodie. 
Tune LjCi and ni^til-the loudest si^^nals are heard in T. 
Now tunc the circuit L3C3. Ti<j[hten the coui)lin^ between 
R and L3 to cause retroactive amplification. Loosen coujding 
of Li and Lo to eliminate interference. Retune all circuits 
slightly to give maximum strength of signals. 
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Retroaction between Second and ' First Valves.— In the 

last figure we saw how the anode oscillator^' circuit of the first 
valve acted in a retroactive manner on the grid oscillatQ’'y 
circuit of the same valve. This arrangement is not necessary. 





Fig. — Two'Valvc circuit m wliicli loiroacUon is olitaiiiod in the second 

vacuum tube. 

We caA, if wc dosirc to do so, couple the inductance L 3 (Fig. 207) 
to the inductance L^.* Oi* we can use the iii iangement of Fig. 
208, in which an inductance coil is includ(‘d in the anode 



Fig. 209. — Practical two-valve receiving circuit employing retroaction. 

circuit of the second valve. This circuit may conveniently 
be aperiodic and consists of the retroactor coil R coupled to L 2 . 
Since this circuit is of (ionsiderabhi valiu* and is, il anything, 

* Since is cou))lfd to Lg wc have; simply used Lj as an mtermcdiary 
circuit. 
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preferable to the circuit of Fi;^. 207, it is rearranged in a prac- 
tical manner and shown in Fig. 209. The rcade]* wiU have 
had such ewerience of this method of practical reafrangemcnt 
that an explanation of the circuit is unnecessary. 

The ret.roactor coil R might, if d(\sir(',d, be couplc^d to the 
aerial tuning induc.tancc Li, although this is not recomiiK'ndc'd. 
By icmciinbering the general juinclples of retroaction, tluj 
reader will see that tlic “ sense ” of the retroactor coil will not 
be the same when coupled to different circuits to obtain retro- 
action. For example, the coil R might have to be reversed 
(or its connections reversed) in order to retroac.t properly on 
the coil [ji. I’he E.M.K.’s induced by tlui retroactor coil 
should always be in phase with the existing E.M.F.’s. It 
should be remembered, in this coimection, that the high- 
frequency potentials of the anodes in an auto-coupled series of 
vacuum tubes vary alternately in sign. Thus, in an amplifier 
when the grid of, the first valve is positive, the anode will be 
negative ; consequently the grid of the se(*,()nd valv(i will be 
negative and the anode of the se-cond valve positive.* li, then, 
we wanted to use retroaction we would have to do it in such a 
way that the induced E.M.F. made the grid of the fiist valve 
positive. It would then reinforce the existing positive 
potential on the grkl at that moment and retroactive ampli- 
fication would be obtained. This jninciple applies in all 
retroac.tive circuits. Many expc'.rimental circuits fail because' 
the* retroaction is^ in the reverse direction and tends to dsnxi\) 
out the iiie.oming oscillations. In some circuits which tend 
to oscillate of their own accord too readily, reverse retroaction 
is sometimes employed to counteract this tendency. 

Directly-coupled Detector Amplifiers using Retroaction. - 
The principle of Fig. 208 may be apjiied to any of the circuits 
from Fig. 155 to Fig. 168. When several valves are u^ed the 
retroaction may be obtaiiu'd in the first valve, in the last 
valve, in any iiitcuTnediarv valve or between any two valves 
in the series, ft does not appear to make! mnch dillerence* 
how' or whei c'. tlu' retroaction is obtained provided it is obtained. 
Many peculiai- results are frequently obtaiiu‘d when experi- 
menting \Cith vacuum tiib5 circuits ; the opiuator will perhaps 
find that by touching a certain part of tlie circuit much louder 

* This is not true of all aniplifiera on account of small alterations of 
phase. Th(« point it is desired to emphasise is that the cliange of phase altei s 
with each valve 
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si;>’nals are obtained. These effects are almost invariably 
due tc one or other of the different foims of retroaction, and 
instead of Vastiji^ time trying to obtain a permai^ent artifidal 
effect which has the same result as touching with the hand, 
it is better to use in the circuit one of the well-known methods 
of ()])taiiiiiig reiroae.tion. The most generally useful one is 
that of using a retroactor coil. It has ihe advantage that the 
degree of retroaction may be varied smoothly and may also be 
made to act in a reverse direction. 

Retroactive amplification is, of course, limited in the case 
of damped waves. It can be carried on until the wav(\s of one 
train are mad(‘ to die out just before: the^next wave-train 
begins. If the degn^e (‘if retroaclion is increased ])ast this 
point tli(* circuits involved commence to os(ullatc of th(nr own 
accord, a plKinonienon which is not desiied. It is therefore 
only ne:c(‘ssaiT to obtain iTti’oac-tion in one vacuum tube. If 
retF'oaction is obtained, say, in the fk‘st valve of an 
amj)lifier-deiect()r and is of such a degree as to cause a train 
of danj])ed waves to die out just l)efoi‘e the arrival of the next 
train, any subsecpient retroaction in any of the following valvc^s 
will caus(^ th(^ wave-trains to meu-ge into each other with a 
resulting loss of signal strength. 

When continuous waves are being ' received the same 
principles do not apply. There are no* wave-trains but there 
is sim])ly a continuous stream of oscillations, all of the same 
amplitude, lasting as long as the k(\y of the sending station 
is depressed. There is obviously no qiuvstion of avoiding 
running th(», wave-trains together. Th(; amplification of 
continuous wav(\s obtained by retroaction is due to th(' 
increasing of the amplitude of the oscillations. If, however, 
](‘troaction is carried t-oo far, the circuits may oscillate of their 
own a^-cord and this oscillatory curremt will interfere with tin* 
incoming continuous wave's, ])rodu(ang und(‘sirable effects. 
Indirectly-coupled Amplifiers using Retroaction.— Tlu' 
* various amplificn-detectors from Fig. 155 to Fig. 182 may all 
be fitted with retroactive couplings. As b('fore, thi' coupling 
may be from the anode circuit of one valv(‘ to tlu' grid circuit 
of any of the preceding valves. 

Fig. 210 shows an amplificir-detector in whic,h retroaction 
is obtained in the first valve. In this circuit the anode 
oscillatory circuits are shown as aperiodic while the grid 
oscillatory circuits are tuned. In the figure, a portion R of 
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the anode inductance^coil of the first valve is coupled to 
the inductance L^. The coupling between the inter-valve 
oscillatory circuits is vai iable. ^ « 

Fig. 210* may, of course, be varied by coupling, say, the last 
anode inductance coil to the inductance L^. As the oscil- 
lations in the last circuit will be very much stronger than 
the oscillations in L^, the number of turns in the retroactor 



Eia. 210. — R«aroaotivo amplilior with inter- valve oscillation transformers. 

c<jil will not need to be so great (oi* t he coupling may be 
looser) but the arrangement will be morcj ciitical. 

Retroaction in Resistance Amplifiers.— Retroaction in 
this class of amplifii^r may be obtained in any of the following 
wavs ; — • 



Fifi. 21 1. — A resistance' ainplilicT in wliich retroaction is obtained by means 
of a retroactor coil. , 

(1) The insert ion of an aperiodic retroactor coil in the anode 
circuit- of, say, the last valve. This coil would be 
coupled to tiie ^^rid oscillatojy circuit of the first 
valve. This arraiigcment is shown in Fig. 211, which 
illustrates a six-valve detector-amplifier of very high 
sensitivity. The advantage of having a retroactor 
coil is that the degree of retroaction may be varied. 
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(2) The use of resistance couplin]^. A resistance of about 
10 inegohEis is connected between the grid of the 
ftrst valve and the plate of suc(;eeding even vah es. 
Fig. 212 shows a throe-valve resistance detector 



Fiq. 212. — ^Example of the use of a high resistance K to obtain retroi ction 
, in a resistance amplifier. • 

*• ainplifi(^r in which signals arc* strengthened bj' the use 
of a resistance R (which should preferably be variable 
al)out an average value of about G niegolmis), which 
is (•-onnected across the anode* of the third valve and 



• Fia. 213. — Example of the use of a Hinall capaefiy (i^. lo (ibtaiu retroaction 
in a resistance amplifier. 

the grid of the lu-st. The disadvantage of thi.s 
arrangement is that the retroactive coupling cannot 
be conveniently varied. 

(3) The’^'use of capacitative coupling A small variable 
condenser is connected between the grid of the first 
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valve atid the fiiode of any of the succeeding even 
valves. Fig. 213 shows a four-valve resistance 
• detector amplifier in which retroaction is obtained by 

connecting a small variable condenser C 2 between the 
giid of th(! first valve and the anode of the last valve. 
The inductance L 2 is a loading coil for long waves. 
The tuning condenser Ci is shown, this time, in 
• parallel with the aerial tuning inductances. Retro- 
action, however, is frequently more easily obtained 
when a condenser, fixed or otherwise, is placed in 
the earth lead. 

By varying C 2 different degrees of retroaction 
may i)e obtained and, if desired, the circuits may be 
made to oscillate of their own accord by increasing 
sufficiently the capacity of C 2 . 

(4) A condenser or resistance may be connected across 
anodes of,^imilar sign. 

This arrangement, together with others, is 
described in British Patent 127014 (Nov. 7/16)« by 
L. N. Brillouin and G. A. Beauvais. The adjustment 
of the retroaction is more, readily obtained with 
this arrangement. To prevent self-oscillation any 
of the above methods may be reversed so as to 
produce “ absorption ” or reverse retroaction. 
Application of above Methods to other Amplifieis.>- 
All thb above four ^methods may be applied to the various, 
types of high-frequency amplifiers and high-frequency detector 
amplifiers, whether of the Erectly-coupled, indirectly-coupled, 
resistance-coupled or impedance-coupled types. It would be 
an unnecessary elaboration to show examples of their use on 
all the different kinds of circuits, and this work is left to the 
reader. Care should be taken, however, in arranging, the 
retroaction j.o acl in an amplifying direction. 
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TifE Reception of Oontinuods Waves. 


Effect of Continuous Waves on Crystal Receiver.— We 

have already seen that sijjnals sent outudVoni a continuous 
wave trausiuitting station consist of a steady stream of oscil- 
lations of equal aiii})litude. Fii;. 214 shows clearly the differ- 
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Fig. 214.- Tlie lot tor “ A " jis s(‘iit by « oGnlimioiiH-wavo {Uid n sjiark station. 


encc between the wav(w emitted from a O.W. (continuous- 
wave) transmitter and those emitted from a ‘‘ spai'k ” station. 
The let ter A is beiiiif sent. The first lint! shows how the “ dot ” 
and “ dash " are composed of a stealdy stream of oscillations. 
The s(‘cond line shows that the dot sent out by a spark station 
‘consists of several ;j;roups of dam])ed waves. The elfcct of 
thes(! two classes of waveis on a simj)l(i crystal dcteitor rcceivin» 
circuit is slumTi in Fiu. 215. The continuous stream of 


Uectiliod (J.W. A~A"A-A"A"A~/~\-:A.:A:£\''A~A'A 

• Rectified Spark. 

Interrupted C.W. i^AAA/l A/\flA/l AAAAA AAAAA 

Fjg. 215. — Sliowint; I Ik* ricuoHsity of uf) (tontirnioiis wavos into 

groups. 

• 

oscillations received from the C.W. station is rectified as shotvn 
in the top line. The avera<^e result is a steady flow of rectified 
current through the tehqihones which commences at the 
beginnmg A of the stream and finishes at the end B. If AB 



Ttie Reception ok Continuous Waves. 


251 


rciprespiits a ‘‘ dash ” its <?lTect on a crystal receivei* will be to 
cause a click in th(^ ’})hones at th(i beginning of tlie streaip of 
oscillations anji a click at the end. While Ijie stead current 
is flowing through tln^ ’phon<‘S nothing whatever is heard. 
Thes(‘. (dicks are very noticcahle when tin*, receiver is close to 
a C.W. transmitter and th('. eflect in the 'phones is very similar 
to the clicking of a sounder. As the r(‘-ceiver is moved further 
away from the transmitter* th(‘- clicks bc'Ciome imi)erceptiblc. 

Now when w(‘- are receiving signals from a spark station, 
we hear a click in the ’])hones for (^acii of the wave-trains 
(-1), KF, (}H, vtc.. . There is a pulse of dir(H*.t current (shown by 
a dotted line) through tlu^ '])hon(\s for each individual group 
of osc.illations as if is rectificnl. For a dash wn then'iore hear 
a buzz whos(^ })itch will depend on the number of gioujis of 
oscillations per sev-ond ; in otlur* words, on the spark-fre- 
quency of th(‘. tjaiisTuitter. If this group-fre(|U(‘ncv is 1,000 
per second, a clmr hiigh note* will be heard. We can distinguish 
many spark stations from (\a(di other simjdv by their note. 
This cannot Ik*, done in the case of C.W. stations. ^ 

The obvious way to receive C.W. signals in the form of 
l)uzz(\s is to cut uj) the st(*.ady stream of oscillations into groups 
at tlie receiving station. The ('ffect- will then be that shown 
in the bottom lim* of# Fig. 215. Each of these groups will 
then b(^ Tectiti(*d and will giv^c a cli(^k in the 'phoiu's, a dash 
being heard as a buzz. Tin* ({uestion now arises as to how to 
cut up the; c.ontinuoiis wav(*.s into groups. ^ 

AW*, could,, of course* , c,()nTu*ct. a very rapid mak(*-and-break 
in the telephone circuit or in the aerial circuit. AA\* would, 
howev(*r, chiaily lose half the energy leceived. In b(*.tween 
our grou])f?, th(^ oscillations rec(*ived would be wasted. 

Two forms of iute*.i rupters, known as tlu* Tikk(*.r and Tone 
Whe(*l, have been us(*-d for r(*ceiving continuous waves^but 
the adv^ent of tin* thr(*e-(*lecti:ode vaciium tube has revolu- 
tionised the receiving of C.AV. signals. The method laiown as 
heat reception has be(*n dcv(‘loped and is now almost univ(*.rsally 
used. It not only cuts the continuous wav(vs into grouj)s but 
also gives a considerable amplifying effect. 

To understand tin’s theory of beat recc'ption we require 
to loiow the phenonn^na which take })lace when two var\dng 
currents are flowing hi the same circuit. 

Interference Effect of Two Sets of Alternations. — Let 
us suppose first of all that we pass two sets of alternations along 
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the same wiie. W hat will be tlu*/ lesultant current through 
that wire ? It will depend chiefly on four things : 

(1) The amplitudes of the alternations. 

(2) The difference in frequency between the two sets of 

alternations. 

(5) Th(’i jpihase dijfereiice between tlu'. two sets of alternations. 

(4) 'riieir respective wave-forms. 

TJiis latter condition may ignored since we will ussumf 
both sets of oscillations to have a sine-curve wave-form. 

Alternations o£ Same Frequency and in Phase. — Let us 
first suppose that the sets of alternations are of the same 
fre(piency and that they bf)th start- at^tlu^ same time; in 
other words they will'be in pluise. W’lien one set of alterna- 
tions causes a current to flow, say, froiti hflt- U> right in tlu^ 
wile the (►ther set will also be causing a curnmt to flow in 
the saiiK* direction at exactly th(^ same moment. The resul- 
tant c-urrcnt will clearly be the sum of the individual currents. 
If each set of alternations causes a current of one ampere to 
flow in the wire, the total (uirrent in the wire will be two 
amperes. If the amj)litude of the current due to om^ set of 
alternations is one amjiere and the amplitude of the other set 
is two amj)eres, the ]*(isultant current will be three amperes. 
This condition of affairs is shown in Fig. 216. 

One set of alternations OABCDEFGII has an amplitude of 
five amperes. Another set OJBKOLFMH, of the same fre- 
.quency and in phase with the other set, ha.s an amplitude of ten 
amperes. Ilie resulting current will Ixi an alternating one of 
the same frequency as that of th(‘ individual curi-ents and 
having an amplitude equal to the sum of the individual ampli- 
tudes. We can construct the resulting cur?*ent culve graphi- 
cally by drawing a series of vertical lines xal>c^ at various 
poiqts. Measure the^ distance ax. This will represent the 
amplitude of the live-ampere set of alternations at that 
moment. Then measure the distance bx. 'Fhis represents the 
amplitude of the stronger alternations. Now add ax and hx 
together and plot the result as the distaix;e cx. 

By joining together a number r)f y)oints r found by this 
means, we will obtain the curve ONBPDCiFliH whicli will 
represent the lesultant current. 

Alternations of Same Frequency but out of Phase. — The 
next case for consideration is when the alternations, though of 
the same frequency, aie out of phase. When the phase 
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difference is 180° the coiiflition of affairs is that shown in 
Fm. 217. It will be seen that when one set.of alternations is 

o , • • • 

tending to cause a current to flow in one direct4)n tlu^ 



Kig. 216. — Effect of two seta of alteraatic)n.s of same froJiut^iicy, different 
amplitude, and in jihase. 

other S(*t will hi', tending to produce a current to pass in the 
oj)posite dire.ction. .The two altoi nations tlu^refore oppose • 



Fig. 217. — Effect of two sets of alternations of same frequency, different 
amplitude, and f8()° phase difference. 

(‘rich other, and, if the}'^ were of the sfiinc aniplitudi*, would 
destroy each other and no c.uiTent would flow in the ciiHuiit. 
As it is, however, the resulting currciit is alioniating and of 
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a frequency equal to the original 'frequency, and its ampli- 
tude at any pointoon its cycle is found as before by taking the 
alAjehraif sum of the amplitudes of the individual sets of 
alternations. Lillis the amjditudt' at K is -1 10 amperes ; 
at C it is — 5 amperes ; the amplitude of the result alterna- 
tion at P will therefore be -]-I0 — 5— -[-5 amperes (point P). 

A more general case is that of Fig. 218, which shows the 
two sets of alternations slightly out of phase. The ly^ultant 
current is diawji giu.i)hically and shown by th(». dottc^l lin6. 
Jt will be secji tli at at certain times {vaj. Y a.nd Z) th(‘ cuiTcnts 
due to the two s(‘ls of alternatiojis junil ralisci each other and 



Fjg. 218 . — KJTf'fi. of two set-< oi alternations oi saiiu* froqueiioy but slif;lilly 
out of ])liaso and of dilToront anipliludc. 


cause the resultant cui’reiit tt) b(*. zero. At- sonie moments 
the two currt'nts nm lu'lping (*a(*-h other, and a.t others they 
ojqfose (‘ach other. Jt should be nolic(‘d, how(‘ver, that the 
p]ias(‘. relatiojisliip always remains th(‘ sa?m* and the c.}T*]es 
of the resultant alternating curjMmt are of the same, amplitude. 

Alternations of Different Frequency.- So far we have 
considen^d the two sets of alternations to he. of the same 
frequency. If, however, we', giye one s(‘t a slightly different 
frequency than the other, the phase relationship of th(^ alter- 
nations will be continually varying and instead of the resulting 
current resembling in wave-form tli<‘, ojiginal alt(Tnations, we 
find that its am{)litude lises and falls peuiodically. Fig. 219 
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shows the result of drawing the two sets of alternations and 
adding their amplitudes together at numer<jus points. 

Tlhe top lin(^ shows one set of alt(»mations ; the seejond line 
shows the other set of slightly different frecpiency but, tliis 
time, of the same am{)litude ; the third line shows the nature 
of the resultant current. The reader who is a student should 
not fail to draw out for himself two such sets of alteinations 
and obstruct graphically the curve of the resultant c.urrent. 


One set of 
altorualioiis. 


Anotliei- H(5i, of 
different 
tniq iKjney* 


/vvvvvvvvvvvvv^ 


Resultant heats. ' 




FlU. 219. — Kllcct of two sots of alternations of same aini)litudc but diH'orent 

frcqiHUicy, 

The following fa(jts wiH be noti(5ed concerning the resultant 
current : — , 

(1) It is of an alternating nature. Its frequency lies 
• between that of the component fretjuencievs. 

(2) Its amplitude rises to a maximum at regular intervals 

G, H, etc., and in between falls to zeio, e./y. at J 
and K. 

(3) Tlwse maximum points where the two currents assist 

each otheT are known as “ beats." 

(4) Thii frequency of the beats is equal to the difference 

in frequency bc'tween the two sets of alternations. 
Thus, if one set had a frequency of 20(1 and the 
other a frequency of 200, the number of beats formed 
per se.cond would be 00. 

(5) Th(*, amplitude of the beats is the sum of the two 

individual amplitudes. 

Theory ol Beat Reception. — What applies to alternations 
in the above remarks also applies to continuous oscillations, 
and we have here an exceedingly useful method of cutting the 
received oscillations into groups. 
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Fig. 220 shows a theoretical artangement of an ordinary 
crystal receiving oinjuit, to the inductance L of which is 
cjoupled ,a small coil li, through which is passing a contimious 
oscillating current. This coil will induce oscillations of the 
same frequency in L, and we will assume that this induced 
frequency may be varied at will by adjusting the source A 
of the oscillations. This source may be a high-frequency 
alternator, an oscillating arc or an oscillating vacuum tube 
circuit ; the last is actually used in practice. ’ 

Now let us suppose that the crystal receiving circuit is 
tuned to incoming continuous wave signals having a length of 

600 metres. This wave- 
bnigtlf corresponds to a 
iioqiiency of 300,000,000 
(tlie speed of electric 
waves in metres per 
s(‘.cond) divided by 600, 
wliicii equals 500,000. 
The fr('.quency of tho 
continuous oscillations in 
L is th(ircfore 500,000. 
When these are rectified 
by^ the detector D only 
cjjcks will be heard in 
the tehjphones or, inor(‘. 
])n)bably, nothing at all.* 
if, however, we induce 
into L continuous oscilla- 
tions having a frequency 
of, say, 501,000, these in- 
duced oscillations will combine with the existing oscillations to 
produce beats of a frequency of 1,000 (501,000 minus 500,000) 
per second. Thescj beats will now be rectified by the detector 
and a click in the ’phones will be heard for ea(di beat. The 
beats resemble somewhat in form the signals which would be 
received from a spark station sending with a spark frequency of 
1,000, except that there are more oscillations to each group. 

Varying the Note ot C.W. Signals.— It will be noticed that 
the pitch of the signals can 1x5 varied at will by altering the 
frequency of the local oscillations indue, ed in L. If we made 

* |j> tJi(j (;a.so of HfatioiiK c'ljiittiiij; uiijiuic couliiiUoiiN wavuH, tln‘ sj^nal.s 
heard resemble npark signals. 


D * 


C2 


fl 


:c. 


FiiJ. 220. — TJieorotical circuit for boat 
reception. 
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this local frequency 5(H^,50(), the n()te heard in the ’phones 
(which has a frequency equal to that of the beats) will •have 
a pitch corresponding to a frequency of» 500, whlbh is the 
diflereiKje between the frequenc.y of the incoming oscillations 
and that of onr lo(;ally-generated ones. The note will there- 
fore be lower than before. As we‘. decrease the local frequency 
and make it approach that of the incjoming signals, the note of 
the y.W. signals will liecome low(^r and lower. When the 
lo(^al frequency equals that of the incoming oscillations no note 
whatever will be heard. We hav('. now the conditions of 
Fig. 218. Th(^ two sets of oscillations may be in or out of 
phase but, sin(;e they are of the same fre<piency, the resultant 
current will simply be an oscillating one of uniform amplitude 
which, when recjtified by the detector, will givcj no note in the 
’phones. 

If we de(;r(>!ase the local frequency below 500.000, befits 
will form once mor^;, giving a low note at first in the telc^phones 
and then higher ones as the local fr(Mpiency is decreased 
still fmther. AVhen the local freepumev is 499,000, the siljnals 
heard will have a fi‘e(|uency of 1.000. (‘qual to that obtained 
when the local fr(‘(|ueney was 501,000. 

Limit of Audibility.— The human ear is only capable of 
responding to a c.ertaip range of note frequencies. This range 
has been given as fiom ‘iJO.OOO to 40,000. These figures repre- 
sent the extrmie limits of audibility. Tlierc* are notes which 
can be emitted fiom organ j)ipes of so low a jjitch as to be in- 
audible. At the other end of the scale there are some notes 
(emitted by animals) whose pitch is so high that human beings 
cannot hear them. The highest note which can be heard by a 
person depends largely on his age and natural sensitiveness of 
hearing. It is nsiially in the neighbourhood of about 14.000. 
For practical purposes, however, we can assume that the 
highest effective note that can be heard has a frecjuency of 
‘1,000 ])er second, and it is proj)osed to use this figure throngliout 
this volume as indicating the highest limit of audibility. The 
most useful note is the one given by a frecpiency of about 
1,000. ' Average telephone receivers res})ond most (efficiently 1 o 
this frequency, higluM’ fieqmehcies not giving such loud signals. 

As w(e vary tht' fiMHpiency of our local oscillations we obtain 
different beat fi(‘(|uencies. If the difTcereiice between the 
frequencies of the original and the local oscillations exceeds 
.‘k0()0 practically nothing will be heard in the ’phones. 

s 
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Variability of Note Received shSwn Graphically.- Tlio 
adjustment of the fiV-quency of the local oscillations requires 
to be mado very carefully. If their frequency differs by more 
than JI,000 from the orijo^inal oscillations, beats will still be 
formed and rectified by the det<^(itor, but will produce no 
sound in f-he telejdioiies since th(*y will be sujHrsmiic or above 
audible frequency. 

Fi^^ 221 shows the note heard in the telej)hones when 
continuous waves of 500,000 frequency (600 metres) are 
received by the employment of local oscillations whose 
frequency may be varied at will. The horizontal axis OX 



Fi(i. 221. — Kllecl ot varying the l<K;al fr<ifuienev of the receiverl 

« .signals. 

shows the local frequency while the ve7*tica] axis ^iyes tln^ 
peat frequency, which is equal to the not(‘. fiecpieiicy. In 
bractice, the frequency of the local oscillations is varied by 
means of a variable condenser or variomeUu’. Th(‘ viu tical 
line through C repr(isents the inco^nino frexpiency. 

If the local frc^-quenc.y is above 505,000 beats will be 
j)roduced, as shown by the dotted line beyond F, but they 
will not be audibh;. At a frequency of 503,000 (at E) we 
will hear a very hi|::h note whose i>itc.h will decrease as we 
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lessen the local fre(|iieiicy. At 501 ,000 (A) we will hear a loud 
high note, ideal for the reception of signals. As the frequency 
of*our local^ oscillations closely approaches 500,000 no beats 
are heard and there is a silent interval shown by the dotted 
line. At 500,000 no beats whatever are formed. Below 
this figure they are once more formed but do not become 
audible immediately. Soon, howevcM, a low note is heard 
whi#h rapidly rises in pitc.h. At 499,000 the ])itdi is 1,000 as 
shown at the [joint B. The signals now heard are identical 
to those heaid at tlie coiiesponding point A on the other side 
of 500,000. When the local oscillations have a frequency 
below 497,000 tlj(*. beats produced are once more inaudible 
beyond F. • 

The figure just described explains why, when tuning-in 
to a ('.W. transmitter, we may first hear a very high note. 
As we vary our tuning condenser, the note falls in pitch and 
dies out at the p< 4 int C, which in future we will call tAe milent 
As w(‘. continue to timi our (‘.ondenser, the signals 
reap})ear ; the pitch at first is low but rises to a very high 
note which finally dies out. When tuning to a (J.W. station 
the signals heard sound rather like the chirp of a bird. 

We (ian summarise the above remarks thus : — 

(1) Beats above, 3,000 per second are not effectively 

audible. • 

(2) The same note may be heard for two different adjust- 

* ments of the local frequency. • 

(3) A silent intei-val is obtained when the frequency of 

the local oscillations equals that of the incoming 
oscillations. 

(4) THie adjustment of the local frequency requires careful 

attention. The slightest alteration of the local 
frequency will cause a different note bo be haard in 
the ’phoiKis. 

(5) The operator is able to give the C.W. 'signals# any 

pitch he prefers. 

Selectivity of Beat Reception. — TIk^ reader will see from 
the above remarks that beat reception (or heterodyne recejjtion, 
as it is frequently c.alled)* is very selective. The slightest 
inaccuracy in tuning the local osciDations will result in no 
signals being Inward. 

Suppose that two continuous wave stations are trans- 
mitting at the same time, one on a wave-length of 600 metres 
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and the otlier* on a wave-leii^th of 1)0?) ineties. Suppose we 
have tuned our local oscillations to a frequency of 501,000 
in order t(t i^et readable signals from the GOO-metre staticjn. 
What eti'ect will th(‘ GOo-nietre station have on our receiver ? 
The problem is solved by dividini^ into 300,000,000. This 
will jj^ive ns the frequency (namely, 49G,000) correspondinpj 
to GOO metres. The GOO-metre waves will therefore combine 
with the local oscillations to give beats having a frequency 
of 0,000 (001,000 minus 49G,000). These b(^u.ts being above 
the audible limit will give no sound in the telephones. The 
G00-met]‘e station will therefore cause no int^erfcuence what- 
evei*. Similarly, a station working on a wave-length of 090 
metres would cause no intei-ference. 

Even when two stations are sending at the same time, 
on vei y slightly diflerent w^ave-lengths th(\y can be read inde- 
pendently by the operator at the receiving station on account 
of the different beat- notes obtained. Thqs, if one station 
sending on GOO metres, gives a beat note of 1,000, an inter- 
fering •itat ion sending on 099 metres would give a beat note 
of just undei' 200. This very low beat note would Jiot pi event 
the operator from taking down the high-j>itch(‘,d signals from 
the GOO-metre station. 

The selectivity of heterodyne reception is especially 
pronouncied in the (^ase of short waves Take the case of a 
100-metre wave-length. The frequency is 3,000,000, and 
warres more than one-imth of a metre to either side of *100 
metres would nof- affect a receiver tuned to re(;eive the 100- 
metre waves. The result of this selectivity is twofold : 

(1) It allows an immense number of C.AV. stations to 

work in a restricted ai*ea without causiing any 
interference with each other. 

(2) ilt makes “tuning-in*' a very delicate o])eration. 

The capacity of the hand, the movement of the 
t operator, and other external agencies wilb affec'.t 
the frequency of tlie local oscillations and, in the 
case of very short w<avc*s, cause a very large changes 
in the beat note hewd, thus making the* r(H*ej)tion of 
signals absolutely impossible. 13ic recc'.ption of 
waves as long as 1,000 metres is difficult enough, 
especially for the novic^e ac^cujstomed to the com- 
j)aratively rough tuning of “ spark ” signals. 

The selectivity of heterod 3 nie reception decreases as the 
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working wave-length fticreases. After about 2,000 lo 3,000 
metres the tuning of continuous waves presents no difficulties 
and sharp selectivity is no longer a characterisj^ic feature, 
although the amplification obtained is* still very valuable. 
Let us suppose, for example, that we are rec^eiving from a 
C.W. station sending on 10,000 metres. This corresponds to 
a frequency (jf 30,000. The local frequency, to give a good 
notg, would be about 31,000 (or 29,000). To avoid producing 
a beat note, the waves of an interfering station would have to 
have a frequency either above 34,000 o?* below 28,000. In 
other words any station sending on a wave-length between 
10,700 metres' and 8,800 metres would (;ause interference. 
By a similar calculation it may be ^liown that in the case of 
long waves, small adjustments of the local wave-length 
hardly affect the note heard. 

In order to be able to heterodyne the incoming oscillations 
without any interference from other stations, there should be 
a clearance of 6,T)00 on either side of the incoming frequency. 
For example, three stations working on wave-lengths of 980, 
1,000 and 1,020 could not jmsibly interfeue witfi each 
other. 

The Vacuum Tube Oscillator. — Early troubles with beat 
reception were due to the difficulty of obtaining a convenient * 
soux'ce of continuous (^scillations. The difficulty of obtaim’ng a 
steady sti’eam of continuous oscillations has now been effectively 
solved. The use of a vacizum tube now enables us to generate 
oscillations whose frecjiiency we can vary in a very simple 
manner. 

Fig. 222 shows an ordinary crystal receiving circuit 
adapted foi* use as a receiver of continuous waves. The circuit 
A is the oscillator. It consists of a r(*,troactive vacuum tube 
circuit in which continuous oscillations are sc^t uj) by tightening 
the couj)1ing betw(ieii an aperiodic grid circuit inducfance R 
and a tuned anode oscillatory circuit L|(.h. Tlu‘. circuit, when 
connected uj), will oscillate of its own accord. TJiis pheno-* 
mcnon of self-oscillation is rather remarkable and is usually 
explained as follows. A momentary accidental E.M.h’. on 
the grid, may cause a •sudden variation of the anode 
current. The circuit consequently tends to oscillate 

since the condenser becomes charged and then discharged 
through Li. These small oscillations in Li('j induc.e similar 
oscillations in R and are thence communicated to the grid of 
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lJi(5 vaiuVuiii tube. The oscillations arciinaj^iiified by tlie ainph- 
fyin^ action of the ti^be and reinforce the oscillations already 
existirijn in the circuit Li(' 2 , with wliicli they are in phase. The 
magnified oscillations now induce into K, are reniagnitied by 
the tube, and so the process goes on until the oscillations in 
K and Lj are self-sup f)ortiiig. This, of course, takes j)lace in 
the fraction of a sec'.ond. The frequency of the oscillations 
thus produced may be varied by altering the value. of^.the 
variable condenser (Jj. This oscillator circuit may be varied 
in a large iiumlt)er of ways. The condensei* may be 
(•connected across R instead of across , in which case the anode 
circuit becomes aperiodic. ^Vny of the retroactive cinuiits 
previously considered may be converted into bscillators simply 



Fjo. 222. — Usf of a lo(5al oscillaior, cnabJiri*' (‘ontiiiuous wavcjs to Ik* received 
with an ordinary dcientor. 

1/ t 

by increasing the retroactive coupling between anode and grid 
oscillatory circuits, and, of course, dispensing with aerial 
and earth connections. , 

The oscillator A induc.es steady oscillations in the coil 
L 2 of the rciceiving ciicuit and these*, oscillatiems fe)rm b(*.ats 
with the*. iiKJoming oscillatiems. J^y adjusting the freqiumc.y 
e)f the local oscillatiems by me*.ans of the variable condx*nser 
,Ci, a 'suitable be3at note is obtained. By using some kind e)f 
oscillator A, any ordinary damped wave* re^ceiving circuit 
may be used to recerve O.W. signals. All that is reepiired is 
to bring the oscillate)!* circuit A clojce to the inductance L 2 of 
the receiver. 

External Heterodyne C.W. Receiver.- Since the ten- 
dency at present is to eliminate the use of ciystal elctectors, 
the circuit of Fig. 223 is more likely to be appreciated as a 
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practical circuit. The ^detector now consists of a vacuum 
tube. The oscillator has also becui varied, as it is proposed 
to •show (‘.xamples of different kinds. ^ yiductance 

coil Al) has a tappin*^ B taken from a point about half-way 
between A and D. This tapping is taken to one side of the 
filament (say, the })()sitive side). The portion of the coil 
A to B constitutes an aperiodic anode circuit while the portion 
BD shunted by Cj forms a tuned ^rid circuit. A switch S is 
provided which enables the filament current of the oscillator 
to be switched on or off*. 

A method of coupling the oscillator to the receiving circuit 
is that shown in^the figure. Instead of having to move the 



oscillatory circuiit* bodily so as to induce suitaldy strong oscilla- 
tions into L2, a small c.oil L| may be couj)led in a variable 
inanntM* to th(‘ oscillatojy circuits of the oscillator. Tfiis coil 
may be coiivenieutly connected in the aerial or earth lead of 
the receiving ciii'uit. The strength of the local oscillations* 
induced into the receiving circuit may b(^ varied by altering 
the coupling between the coil and the oscillator circuits. 

The principle of this circuit is applicable to very many of 
the arrangements which we have discussed in previous (;hapters. 
The receiving circuit may consist, for example, of a multi- 
valve amplifier-detector circuit to which is coupled an oscillator 
circuit to produce beats. 
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Graphical Representation of heterodyne Reception.— 

Fig. ^224 ^shows graphically the various processes which take 
place when, say, “ dash ” is received from a C.W. stafloii. 
The first line shows the stream of incoming oscitlations. The 
second lim^ shows th(‘ oscillations induced in th(^ receiving 
circuits by the oscillato]*. The thii d line shows how the two 
sets of oscillations come in and out of phase and produce beats 
at regular intervals. The bottom line shows the beats r(^.€‘tified, 
by the detector ; the })ositive half-cycles are cut off ; this 
would ha})pen if we adjusted our valve to a point on the upper 
bend of its anod(i curve*, or employed grid current rectification. 
The dotted line shows the average* pulse^ of direct cunent 
wliich will pass th?*ough the telephone receivers at each beat. 
In this figure wc have showm the local high-frequency current 
and the incoming oscillations having the same amplitude 
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Frrj. 224. — Urajducal reprcs<*ntatioii of heat reueptioii. 

If should be noted that since the two sets of 'oscillations are con- 
tinually coming in and out of phases with each oth(U‘, it makes 
no dilfenmee whether tJie two streams start in phase or not. 

The arnplilication obtainable by iiK^ans of h/iterodyne 
recej)tion will b(i setm from the figure. The F.M.F. of the 
beats is twia^ that of the incoiuing oscillations. Since the 
telephone ciunint is j)roportional to tin* square of the E.M.F. 
appli(id to the detector, a signal arnplilication of four times 
wil^thus be obtained. 

Effect of Ratio of Local to Incoming Current —In the 

above example we have taken the local oscillations to have 
the same ami)litude as th(^ imHiiriing ones. If this amplitudi* 
is A, the E.M.F. of the beats will b(‘. 2A. it is to be noted that 
in l)etween the beats tin* current becomes z(iro. 

Now let us suppose that the local oscillations are stronger 
than the incoming ones ; suppose their respective amplitudes 
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are B and A, The concfition of affairs is now that shown in 
Fig. 225. It will be seen that the amjflitude of the beats 
equWs In between the beats, however, tlfe current 

does not die down to zero ; when the two sets of oscillations 
are directly opposing each other (that is, when they are 180° 
out of phase) the E.M.F. of the resultant current will be B—A 
at the “ valleys.” In the bottom line the mean telephone 
current never becomes zero. The effecfive E.M.F. of the beats 



Fui. 225. --Boat rcci'jiUoii when tiu* oscillations arc sfcronj^er tluin the 
incuiniii^/,o.s(!iliati(»iis. 8ij;iuil streiij^tli dejierids on amplitude of incoming 
oscillations. 

will (MuiscHpicntly be the rise above the lowest E.M.Jf. ; it 
will theiefore equal the difference between the E.M.F. at 
the summits and the. valleys ; actually, this is [B-\-A)— 
{B^A), which equals 2A. 

When these conditions exist, the strength of signals will 
depend on the amplitude of the incoming oscillations. It is 
therefore necevssary to tune the aciiial and I'eceiver circuits 
very carefully to the incoming frequency. Any mistuning 
will cause a loss of signal strength. 

Now let us examine the effect of using a heterodyning 
current of less intensity than that of the incoming oscillations. 
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The conditions are Jiow those shown in Kijf. 226. The anipli- 
tudor A is now .u;j eiiter than B. Tlie E.M.F. of the beats will 
be Tli<i E.M.F. of t.lie valleys between the iJeats 

will equal A- B. The effective E.M.F. of the beats will there- 
fore be (A-\-B)—(A—B). which equals 2B. Thus we see that 
the strength of signals heaid will now depend entirely on the 
strength of the heterodyning cui jent and not at .all on the 
amplitude of the iiKioming signals. The effect of this wfll be,: 



oscillatioiiH. 

(!) Signals fiom all C.W. stations will have the same 
strength if the amj)]itiide of th(iir oscillations is 
greatei' than that of the local oscillations. 

(1^) Even if the aerial circuit or receiving cijcaiit is Jiiis- 
tuned, the resultant diminution of tin*, anijditude 

, of incoming oscillatiojis will not affect the, strength 
of signals heard. (Jonse(|uently acciuate tuning 
will be im})ossible. Only when we have mistuned 
to such an extent that we have reduced the amjdi- 
tude of A to less than thdt of B will the signal strength 
begin to decrease. We have now obtained the 
conditions of Fig. 225. 

(3) ]t is useless amplifying the incoming oscillations 
before heteiodyning them if the heterodyning 
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current is of Iftss aiiiplitude tliaii the iiicoiniiij^ 
oscillations. • . 

(4) The strenf^th of the signals Inward in the tt‘Jej)hone8 
may •be K'.gulated by varying the. strength of the 
induced local oscillations. 

These theoretical deductions are largely l:)ome out in 
j)ractice. The disadvantages of using a local current of too 
small an aTnj)litiide are very obvious. We are not getting 
the full efficiency out of our incoming oscillations. We will 
also experience considerable iiiterference through being unable 
to tune our circuits corjectly. When oiii* local oscillations 
have the sanuj strength as tin* incoming oiu'-s we get the full 
benefit of the latteit Tuning is accurat('. and tin', signals are 
much louder. W(i are also not interfered with very much by 
high-pow(^red (\W. stations. However strong the oscillations 
from th(‘. latter may be, the E.M.E. of the beats produced will 
only be twice the amplitude of the local oscillations. The 
signals from the interfering station can therefore be no louder 
than those of the station from which we desij*e to recgive. 
If, however, we mak(^ our local oscillations much stronger 
than the oscillations we'- desire to detect, although our desired 
signals are not altered very much, yet those from the higher- 
])()wered interfering station wnll be ver>' greatly incic^ased and 
may comj»letely drown tlu^^ desiied signals. In practice, there- 
fore, when interferences from a high-powered O.W. station is 
e.xperienced it may freepiently be lessened by deeneasing thg 
amplitude of the; local oscillatie)ns. 

Opinion ol Armstrong and Others.— E. H. Armstrong has 
contributed an intere;sting paper on heterodyne amplification 
te) the Iivstitute e)f Radio Engineers.* His observatie)ns 
indicate that the best results are e)btaine;d when the local 
curremt is in e;xce;ss of the incoming current. He found Ji hat 
when we;ak e)S(;illations were being received the lex^al oscilla- 
tions had to be made very much stremger than tlu‘. original 
e)neis to obtain the best results, and that the signals thus 
obtained were very much louder than the)se e)btaineel when the 
heterodyning current equalled the incoming current. In the 
case e)f strong oscillatiems, the advantage of using a local 
current of higher amplitude was not so marked. The; results 
he obtained were illustrated graphically. Ih was seen that in 

* K. H. Armstrong, “A Study of lli*U*rodyno Amplilicalioii by llie 
Electron Relay,” Proc, I.R.E., 5, 2, iio (April, 11)17). 
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each case there is a certain strength of local oscillations which 
giyes the best results (which Armstrong calls “ optimum 
heterotbme ' ^ » 

The ex})lauati()n of this phenomenon seen‘is to lie in the 
fact that the sensitiveness of the detector is improved by the 
local oscillations and that th(U(^ would Ix^ no advantage in 
increasing the local current beyond the value of the incoming 
oscillations if it were not for this (‘.omplication. The fjinction 
of the local e.urrent is primarily to produce beats ; its secon- 
dary effec^t seems to be to bring the operating point on the 
characteristic curves of the detecting valve to the most suitable 
position. 

C. Ort * suggests that the local oscillations have a polarising 
eU’ect on the detector and iniuease its effiejency. He states 
that every deteijtor with a lectifying characteristic can be 
jDolarised in this way by aj>plying a sustaimd l adio-frequency 
voltage to its terminals. The resultant amplification is inde- 
pendent of the production of beats. It is noticeable when 
spi^yk stations are being received and when th(‘ local oscilla- 
tions have the same frequemn' as incoming (jontinuous waves, 
the signals in the latter case being detected by an Einthoven 
string galvanometer. 

Ther(‘ is very considerable variance of opinion as to the 
degree of amplification obtainable tin* heterodyin^ method. 
Some state, lik(^ Ik Liebowitz,t that the maximum true 
.amplification due to the het(*Todyne is four ; that this is 
obtained when the local current is equal in ani])litude to the 
signalling current, and that any further inc.r(‘.as(^ in response 
which may be obtaimnl by an increase in the local current is 
due to an imj)rovement in tin*- (dficiency of th^ nxuu’ving 
ajiparatus. This statement has bc*.en opposed by L. (Jolien,J 
who considers that the amplification obtainalile. is unlimited. 
Marius Latour§ u,nd J. L. Hogan, Jun., hav(^ contributed their 
opinions on thi^ subject, (t. W. O. Jlowi^ has also discussed 
the subject in a v(uv interesting manrnu* in th(^ Proccrdinfjs 
of the Jnstit/ute of Radio Emfineers for Octolxu*, 1918 (vol. 6 , 5, 
275). In view of the existing controversies, the reader should 
consult the references given. * 

* C. Ort, Proc, LR.P., 5, 2, 1U3 (April, 1917). 

t B. Liehowitz, Prrtc. I.R.E., vol. 3, page 185, June, lUi5. 

t L. (’olien, Proc. /.72.A\, July, 1913 ; June, 1915. 

§ M. Ijatour, Electrical World, April 24, 1915 J. L. H.ugan. Prov. J.R.E., 
July, 1913. 
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It is, howovor, C(H*taiA that tlie aniplitudt) of tlio Icu^al 
cuiTcmt should be variable and should be adjusted t.o give the 
loudaet response in the telephone receivers. Moreover, *for 
weak signals tit is preferable to emplot^ stronger local 
oscillations. 

Tuning to C.W. Signals. — Tin* use of an external os(;illator 
makes it a little difficult to pick up (\V\'. stations rapidly. 
Two circuits have to be tuned : the r('C(iiving circuit and the 
oscillator. ^Phe oscillator should be calibrated in wave- 
lengths or possess a chart showing the wavc-lengtlis corre- 
sponding to different adjustments of tlie variable c-ondenser. 
If it is d(^sii‘ed to receive signals whose known wave-length 
is, say, 8,()()() metrel, the fjscillator is set to a wave-length a 
little to one. side or other of this value ; the receiving circuit 
is now tuned until the signals are heard. The best beat note 
may now be obtained by a slight ]*(*.adjustm(*nt of the 
oscillator. This method is not suitable for tuning-in to short 
waves since it is impossible to set the oscillaku- to the correct 
valiK*. If the wave-length to be received is 1,000 metres, the 
oscdllator is set. to Ibis value and th(^ oscillator conddhser 
turned baeJe wards and forwards on (‘.ith(n* side of this wave- 
length wliil(‘. adjustnumts are made on the receiving circuit 
until th(* station recpiired is heard. 

It is interesting to note the effect of mistiming the receiver 
circuit, ff the oscillator be set to give a suitable beat note 
with th<^ incoming oscillations, mistuning of tlu^ receiver 
(urcuit will only restilt in weaker signals and will not caus^ 
any alteration in the jYifch (d the note heard. This is because 
the freipnmc.y of the incoming oscillations is not afpf^cted by 
mistuning; even if the receiver circuit is a little, out of tune, 
the incoming os(!illations will force themselves into the circuit, 
but their amplitude will be decreased. If the ciic-uit is mis- 
timed to too greal an extent the. oscillations will be unaWe to 
force, themselves into it and no signals will be heard. This 
explains why when tuniiig-in to (\\V. signals the note hi^ftrd 
is at fii*st. weak ajid then readies its maximum loudness when 
the rec(Mver is correctly tuned and then dies oh again as the 
tuning is altered. The ])itch of the note heard will not, however, 
have altered. Its value depends solely on the frequency of the 
heterodyning oscillations and not at all on the receiving circuit. 

Arco and Meissner’s External Heterodyne Receiver. - 

In British Patent 252 (.Jan. 5/14), Arco and Meissner describe 
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w]iaf is ill an external Ketertrdyne circuit for receiving 

contiiiuous waves^ Jt is shown in Fig. 227. The vacuum 
tube to the right generates oscillations of a frequency slightly 
different to that of the incoming waves. These local oscil- 
lations pass thi’ongh L7 and induce into the inductance of the 
detector circuit which is also cou])led to the clos(‘d receiving' 
<iir(*iiit. The J(*.siiltant beats are recitified by the detector* D. 

Radio Frequency Amplification of C.W. Signals.— Incoming 
continuous waves may be amplific^d in exactly the same way jIs 



Ftg. 227. — An Arco and Meissner heterodyne eircuit. 

damped waves. One or more vacuum tubes may be connected 
in cascade for this purpose. Any of thfe circuits of (Irapter VI. 
may be used with an external hc^tcuociyning oscillator. 

Fig. 228 shows a very useful kind of 2-valve receiver 
circuit. It is juac’.tically Fig. 160 with ’the addition of an 
oscillator. Incoming oscillations are amplilied by the liist 
vacuum tube iji the* anode oscillatory cii’cuit of which they are 
heterodyned by the oscillator. The beats are rectified by the 
second valve. The filament cuirrent of the first valve is shown 
fixed. Th(’ anode voltage of the second valve may be varied 
sepafately. This is done merely to show the reader what 
variations are possible. 

‘The design of the oscillator has 9,lso been modified to 
illustrate another type of arrangement. A tapping A is taken 
from the middle of the coil L4 to the filament. The oscilla- 
tory circuit is now 1^4 C3, and a gapping is so taken that thi^ 
grid potentials are in such phase as to produce self -oscilla- 
tion. No retroactor (ioil is luicded with this circuit. The 
condenser C3 does not only vary the wave-length of the 
feeble waves emitted bv the oscillator but also varies their 
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amplitude considerably. *^lt is pref(;rable to use an oscillator 
in which the oscillatioiLs have^ tlie same oj‘ nearly the same 
amplitude for different frequencies. * • 

Cl this fi^^re we have taken a small portion of the 
oscillator circuit and coiqded it to the coil Lo. The few 
turns L3 may (*ionvenicntly be connected to the oscillator by a 
foot or two of twin flex, cable. The little coil L3 may then be 
coupled to, any position of the receiving circuit desired. It 
might* if desired, he coupled to the inductance Lj, in which case 



Via. 22s. -lletenKlyninj; aiiipliliod contimious OHcillatioiis. 


the beats would be formed in L| and would be amplified by 
the first valve. 

If coupled to L2 the local oscillation will require to be 
stronger than if L3 were coupled to L]. This is because the 
iu(U)ming osciillations have been magnific^d in Lo and we have 
seen that the ratic/ of local to signalling current is of impor- 
taiute. The sti-ength of the local oscillations is most conveni- 
ently varied up to a certain point by altering the coupling 
between L3 and L2 or L^. It might also be varied by altering 
the anode voltage of the oscillator or by providing the latter 
with a filament current rheostat. 

Use of Detector Amplifiers as C.W. Receivers. — In order 
to avoid filling this volume with unnecessary diagrams, the 
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aiH lioL* desires to relei* the reader to f,lie iiianj' d(*.tector ampli- 
fiers which have been described in previous chapters. They 
may' one and all be used as very efficient receivers of continyous 
waves if an external lieterodvnin^ oscdllator is provided. The 
oscillator may be coupled to the acirial circuit or to any of 
the intermediary circuits if the latter possess inductance 
coils. 

Methods of Coupling Oscillator to Receiver Circuits. -So 

far we havt‘, clnelly considered the oscillator to be a separate 
instrument indirectly coupled to the rec^civin^ circuit. This 
arraTijfement is not essential. ^ We could, if we desired, couple 
the oscillator directly to the rect'iver circuit ; we, could use 
auto, resistance, or capaeitative couplinpy^ These methods, 
however, do not lend themselves to variation and are not as 
c-onvenient as the ordijiary indirect cou})]in,iy. 



Pig. 22H.— Efficient external iietcrodyiK* circuit in which the continiiouB 
t waves are amplified by rotroar^tion. 

Retroactive Amplification of Continuous Waves.* — Very 
good 1 ‘esults may be obtained by utilising retroactivii effects 
when receiving continuous waves. Retroaction has not now 
the efiect of lessening the damping but simply increases the 
amplitude of the incoming undamped oscillations and lessens 
the r<?sistance of th(', receiving circuit. 

Fig. 229 shows a simjile arrangement which is very effective 
as a receiver of continuous waves. The, circuit B is an oidinary 
retroa(;tive receiving circuit in whic^h letioaijtion is obtained 
by cou})ling an ajicriodic anode circuit coil R, to the indue, t- 
ance Lp The A circuit is an osciilat,or in wliich tlu^ coupling 

* Soo J. Sc(»tl-Taj;}iart., “A SyHk-m lor iiic R<‘c,oj)li<)n of CoutiiiuouB 
Waves” (a pajM-r read btforo the. Wireless Koen-ty of London), Wirdtsa 
World, Jan. Electrical Heview, 85, Tdegravh and Telephone 

Agt, Feb. J, JU20. 
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between Eo ^2 is sufficiently tight to produce self-oscilla- 
tion. Both E 2 and L 2 are variable in cftie or two steps in 
ord«r that the oscillator may be used ovqt a wide® range of 
wave-lengths.* The oscillator is placed near the receiving 
circuit and acts as a heterodyner. The coupling between 
El and should b(i adjusted to give the loudest signals in 
T. It should not be sufficiently tight to cause self-oscillation 
in the^B cftcuit.* 

Any ordinary retroactive receiving circuit or detector- 
amplifier employing retroaction may be used to r(H;(‘jv(' 
c/ontijiuous waves in this way and the*, author very strongly 
]e(*,onimen(ls the employment of this type of circuit. 

Sel£-heterodyne Circuits. — A very •useful type of circ.uit 
which is sometim(is 
called th(^ self-hete- 
rodviie, endodyji(‘- 
or retrodyne typ(^„ 
is that in which 
one vacuum tube 
carries out simul- 
taneously the d ut i(^s 
of heterodyner and 
receiver. Such a 
circuit is shown in _ 

Ki*^ 2S0 

/ ' Fig. 230. — Soil -heterodyne circuit in wJiicli the beats 

hlg.2J0lS really ^ are red ilicd by a sc])ara1c dciedor circuit. • 
nothing more than 

an ordinary retroactive circuit in which the retroaction has 
been incieased sufficiently to produce self-osc illation. Let us 
not think, of the aerial circuit TnCj for the moment. The 
tuned grid oscillatoiy circuit LoK(\ coupled by means of 
E to thc^ anode oscillatory circuit The dc'gicu^ of 

cou})ling is increasc*d until continuous oscillations are set u]) 
in tlie circuits. The detector D and phones T ai e comiect(‘d 
across L 3 but no signals are hc^ard since the oscillations taking 
place in are of c.cmstant amplitude. Now let us suppose 
that continuous oscillations are flowing in the aerial circuit 
LjCh duo to incoming wa^es. The incoming oscillations 



* The filament eurrcuit and anode voltage for the oseillator may be 
taken from the receiver batteries in the <*.asc of J<'ig. 229, .ind in all cases, 
providc'd that we arrange that both circuits liave tJie anode battery next 
to the lilaiiumt. 

T 
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induce into L 2 and are heterodyned by the osciliationB 
already takini’ plac<i in Ls. Tho beats produced are amplified 
by the vaVve and iv'occ.ur iii the ^modo oscillatory circuit lisCj 
and are rectifuid bv tin*, detect oi* 1 ) and ve audible signals in T. 

Jn this method of rece])tion the valve is made to oscillate 
at a frequency slightly diifer(^nt io that of the incoming 
waves. The circuit L 2 C 2 conscqueutly tuned to a frequency 
slightly different to that of the incoming oscillations whic^ 
however, when induced from the ac^iial circuit, force themselves 
into tin; circuit L 2 C 2 while maintaining thei]‘ original frequency. 
The conseqiK'ut loss of amjdilude is one of the disadvantages 
of this form of reception. ^ 

Instead of using a se])arate 
detector 1) the vacuum tube 
itself may be used to rectify the 
heats produced. Marconi’s Wire- 
less Telegraph C’o. and H. J. 
Round describe in British Batent 
28414/13 (Dee. 9/13), a sim])Ie 
arrangement (Fig. 231) whereby 
one valve carries out the various 
functions simultaneously. Th(‘. 
name detectordyne may be given 
to thisijlass of circuit. The cir- 
cuit e is couphid to the circuit 
a so that tlH* valve oscillates con- 

Fia. 2:U Detectordyne ” circiiit tinuously. The oscillations tak- 
iii whie)i the one vacuum tube . , . . .. 

carricB out simultaneously the IDg plaC(i 111 6 arc given a 11 C- 
. functions of heterodyne and queiicy slightly different to that 
detector. incoming wa%^es. The 

incoming oscillations in the aerial circuit induce into the circuit 
a, where they interf(*re with the local oscillations, jnoducing 
beats which are then rectified by the valvi* and d(‘.tected by the 
telephones T. The circuit e may be arranged to rcrtroact on 
the aerial circuit if d(‘.sircd.* Anothcj* ciFcuit involving the 
same principles was produced by E. H. Armstrong, and is 
described in British Patent 24231 (Dec. 18/13). f 

Practical C.W. Receiving CSrcuit — Fig. 232 shows a simple 
and effective continuous wave receiver. The coil K is 



* The patent c»uly (daiiiis a)ij»iirrntly the detuiung <>1 tlic circuit r. 
t The date oi this iiiveiitioii is eiaiiiied us Juii., 1913, by Aimstioiig. 
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aperiodic and is couplci to Lj sufficiently tightly to cause the 
vacuum tube to oscillate of its own adcord at a frequency 
wlfich can be varied by the condensej- and flie adjust- 
able tapping on the inductance Lj. This frequency is 
made, as usual, a little different to the incoming frequency. 
The leaky grid (iondenser causes the valve to act as a 
detector. 


This circuit is exceedingly simple to tune. To “ ])ick 
up ” a station it is only necessary to vajy the condens('j* C^, 
and sometimes the inductance Lj. The frequency of the 
aerial circuit is yariod at the same tinui as the frequency of 
the local osciyatioiis. x . 

(\)nsequently, the, aerial ^ • 

circuit is alwa3^s a little ^ — 

out of tune when (^\V. >o ' r 

signals are heard. As the K 

condenser is •moved ^ 

j-ound, the incoming sig- [| > j --j ^ 

nals ai e first heard as a O' L J i fp) ' ^ 

high note which is very O T 

faint The frequency at ^ i T C , , ^ I A 

which the valve is now o 

oscillating differs f*;om 1- J / 

the incoming frequenvsy Ou 

by about 10,0U0. As the — — 

condenser is turned 

I'ound still further, signals “ ‘2 - 

become louder and their 


pitch becomes lower until a point is reached when no sound 
is heard.* The local frequency, at this adjustment, is ecpial 
to the incoming Irequency ; the aerial circuit is now correctly 
tuned to the incoming waves. If we gradually turn tlw?, con- 
denser round still more, signals reap})ear and gradually ac.quii e 
a higher note, which finally dies out. The following points 
should be noted in legaid to sell -heterodyning circuits ; — 

(1) The receiver is usually slightly mistimed, tlie incoming 

oscillations forcinjj themselves into it. This causes 
a loss of signal strength. 

(2) When receiving waves of less than 2,000 metres huigth 

the condenser Cj which varies the local frequency 
should be carefully adjusted, otherwise tlui station 


niav be missed. 
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(3) The note heard in the telephones may be altered at 
' will by the' operator by altering the value of Ci- 

(4) The same pitch of note may be heard on either side 

of the silent interval. 

(5) The loudness of the signals hciard will depend largely 

on the value of the anode voltage, filament current, 
and coupling between R and L^. 

With this class of circuit loss of signal strength r(?sults 
through the mistuning of tlu^ receiving circuit. The higher 
pitched notics are caused by luistuiimg the circuit a con- 
siderable amount. 

When, however, a low note is obtained, tlu^ i(*.c.(iving 
circuit is not mistimed tf> such an extent. ^.Phis explains why 
the loudest signals ari^ obtained wh(‘.n the beat nott* is low. 
in the cast‘, of (‘xtejiial hetiuodyning, tlu^ receiving circuit 
is always in tune with the incoming waves, and the loudest 
signals usually have a frequency of al)out i,0()0, to which 
frequency average telephone receivers lespond most ellicicntly. 

Ittis to be noted that the circuit of Fig. 232 may be 
modified by connecting a vaiiable condenser across R. 

Rectification in Self-heterodyne Circuits. — In detector- 
dyne circuits th(‘- valve is made to oscillate and also rectify. 
Now when a valve is oscillating, the aqode current is varied 
about a normal value. Thc^ imneases e>nd dc^creases of anode 
current require to be< eipial or ajipioximately equal. If we 
adjust our valve either to the lower bend or the uppei’ bend 
of the anode ciuTent curve the increases and decreases will 
be widely diffejent and the circuits will not oscillate of their 
own accord. Self-oscillation will usually only take place 
when the operating point lies on the sti^ep straight portion of 
the grid-voltage- anode-cunent (jurve. 

Fr^m this we see that when the same tube is to carry 
out the two functions of heterodyning and detecting, we 
cann^)t obtain rectification by utilising the mni-linear tiharac- 
teristics of the anode-current curve. We can, however, use 
the bend of the grid-current curve while still keeping our 
operating point on the steep straight portion of tin*- anode 
curve. Suitable rectification is 'obtainable by (‘connecting 
the grid to the negative end of th(‘c filament or by the un) of a 
grid (jondenser. In the case of external heterodyne ch'diits 
we can, of Cc^mrse, use any of tin*- im^thods of detection since the 
detecting valve does not oscillate. 
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Radiation from Self-hfiterodyne Circuits.— Since the vacuum 
tube of 232 is oscillating continuoifsly, it is obviwusly 
emftting feeble waves which are radiatcil from ttie aerial. 
True, the oscillations are weak, but tliey are quite suflieient 
frequently to carry a distance of several miles. The receiving 
circuit is therefore acting as a very weak transmitter. As 
such, it will cause very considerable interference to neighbouring 
rciceiifing stations. Two stations in the same town using 
circuits of the sc^K-heterodyne type of Fig. 232 may cause 
endless trouble to each other by overhearing the other station’s 
valve oscillating.. If a certain station A is receiving a C.W. 
station sending oji GOO metres his set will be sending out 
waves of a length just to one side ftf GOO metr(^s. Another 
station B, while tuning his set, will h(‘.ar a note whicli sounds as 
if a C.W. transmitting station were kc^eping his key down. 
This effec.t is due to the feel)le waves fioni the JiHieiving 
station A. Wheru two stations or more are searching,” 
th<‘y will be sending out waves of all lengtlis and will cause a 
great deal of mutual iTiterfer(mc.(\ It is ther(dbi*e highly 
probable that regulations will be mad(j to foj bid the use 
of circuits which j*adiate while receiving. 

Prevention of Radiation from Receiving Circuits. — The 
typ(^ of circuit shown yi Fig. 232 is the kind which gives most 
trouble through radiatifm. The circuit/S in which the aerial 
circuit is loosely coupled to the oscillating valve (as in Fig. 231) 
do not radiate qiyte to the same extent. What radiatb)!! 
takes place can be largely minimised by lessening the filament 
current and anode voltage, which are frequently needlessly 
liigh. Unfortunately, most self-oscillating circuits styp 
oscillating suddenly if an attempt is made to lessen the 
amplitude of th(ur oscillations. C'onsequcntly we find that 
the l()(;al oscillations are frequently nmiecessarily strong 

The radiation from an extenially heterodyned circuit is 
usually negligible and gives no trouble. '^I^he oscillate^*, if 
conjded to a ( ircuit other than the aerial circuit, will not 
c.aust^ radiations from the aerial of any strength. Even if 
coupled to the acuiai circuit the oscillations induced in the 
latter are not. made unneee*ssarily strong and are usually too 
weak to intcnferc' with neighbouring stations. 

1^) avoid radiation completely (or almost completely), a 
circuit similar to that of Fig. 228 may b('. used. The first 
valve now acts as a tiap allowing incoming oscillations 
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to be recieivod, but preventing lot-al oscillations induced 
into Jj 2 by the oscillator to pass out to the aerial. The 
self-heterQdyne circuit of Fijj;. 23(i also pi’events radiation 
from the aerial.* ‘ 

Advantages and Disadvantages of Detectordyne Circuits — 
The advantaQes and disadvaiitages of circuits usiii^ one 
valve as a (‘onibined detec^tor, amplifier, and hetcrodyner, as 
in Fig. 232, may be summarised as below. * < 

Advant(Kjes : * 

(1) Simplicity. One vacuum tube only is necessary. 

(2) Simple tuning. The local frecpicncy is varied at the 

same time as the tunmg of the aerial cir'cuit. The 
circuit is very suitable for “ stand-b)^ ” reception. 

Disadvantages : 

(1) The circuit radiates feeble waves while receiving. 

(2) The receiving circuit is always mistuned and loss 

of signal strength results. 

(3) The loudest signals are obtained when the beat 

^ note is low'. 

(4) The amplitude of the local oscillations camiot be 

smoothly or conveniently varied. 

(o) Variation of anode voltage and filament current not 
only vary the strength of h)cal oscillations 
but also the efficiency of*tIie valvc^ as a detector. 

(6) Gj id current rectification only is possible. 

„ While all self-h(^terodyne circuits do not possess the disad- 
vantages of the Fig. 232 circuit, yet they afl possess some, and 
the reader will be able to judge them himself. The advan- 
tages of external-heterodyne circuits lie in the fact that the 
above disadvantages arc absent in this class of ciicuit. Moie- 
over an oscillator will be a necessary part of every (\W. 
receiving station sooner or later. The*, only jeal disadvantage, 
of the externally heterodyned circuit is that it is rathiu* difficult 
to time rapidly. 

Weagant C.W. Receiver.- Fig. 233 shows a (uicuit which 
is based on a typ(* of circuit used by lioy A. Weagant. The 
coil L.J is coupled to L4 sufliciently tightly to cause th(‘ tube* 
to oscillai/c of its own accord. 1'^ie coils and L3 may be 
fixed inductances forming part of the giid and anode <jscilia- 
tory ciixjuits respectivcLy. This circuit may, like most other 

* The author’s double-grid valve will receive C.W. without radiating. 
See British ratent 1530S1 (Aug. 14/19). 
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C.W. circuits, be used to'^recoive undamped waves by loeseninj; 
the coupling between L;j and L 4 until the valve ceases to oscil- 
la.te and a(^ts as a conibined retroactive^ aitiplifier and detector 



tion of circuits which may be used to receive continuous 
waves. For iurther information regarding them the reader 


is advised to turn back to the remarks on Fig. 148 in the 
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c.ii’ciiitw arc tuned by means of a variable', ceuidonser the mis- 
tuning required to produce a beuit note may be acciomplished 
bj^ either condenserl’ 

Tests •ior Self-Oscillation. — Before commencing to lislen- 
in for a C.VV. transmitter, it will frequently be helpful to 
know whether or not the vacuum tube of the receiver is 
actually oscillating or not. If it is not, it is no use tiying to 
receive continuous waves. The following practical, tests will 
show when the circuits are oscillating. * > 

(1) On touching the aerial terminal a sharp click should 

be heard. 

(2) If the aerial turning inductance is variable in studs, 

clicks should be heard when tlic^ switch is moved 
across the studs in us('.. 

(3) If the variable condenscis short when turned to 0^ 

or 180°, clicks will be h(‘>ard. 

(4) A faint rustling sound will be h(^ard in the 'phones 

(5) All spark stations will appear to have' a low hoarse 

note, whatev('r theii* original spark-frequency. 

((5) A steady note will be heard in the q)h()nes of a suitably 
tuned C.AA\ wave-meter. This test will be explained 
later. 

(7) If a delicate galvanometer reading up to about 0’5 
iniUiamperes is included in the grid eijciiit of the 
valve a shaip deflection will ^e notified the moment 
the valve oscillates of its owji accord. This is due 
• to the oscillations in the grid clrcviit being ri'.ctified 
to a certain extent. A Weston No. 375 galvanometer 
is very suitabh* for this purpose. 

. In the event of the above tests failing, the jeason may be 
due to one of the following circumstances. 

(1) The anode voltage may not Ixi sufliciently high to 
» produce self-oscillation. 

(2) The filament current may be too small. 

(3) The coupling between anode and grid oscillatory 

circuits is too loose. 

(4) The coupling may be reversed. If a retroactor coil 

is used, then connections should l)e reversed or the 
coil itself reversed in older to see if the circuits 
will oscillate. 

(5) The vacuum tube itself may not be suitable for use 

as a generator of oscillations. 
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(()) The ]cpT(weiitati^e point may not lie on a suitable 
portion of the ^rid-volta^e — ai\(>de-current chg,rac- 
^ teristic curve. 

Practical ITwo-Valve C.W. Receivers.— Pi<^. 235* shows a 



Fio. 2115. — Practical two- valve C.W. receiver. 

practical (^W. i<Hi«iver using two vacuum tubes. I’he first 
acts as an amplilic^r and self-het(n*odyncr. Beats take 
pla(je ill the circuit L 2 C 2 and are rectified by the second 
valve which is arranged in the usual way. 1'he fiist tube is 
not meant to act as a detector. The (drcuit has the disa(i- 



Fia. 236. — Two-valve C.W. receiver wliicU docs not radiate waves from the 

aerial. 

vantage of emitting feeble continuous waves while receiving. 
The coil may be made aperiodic if desired. 

Fig. 236 is another circuit which the reader may 
arrange. It is more efficient than the Fig. 235 circuit and 
does not radiate continuous waves. The incoming waves 
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are amplified in the anode oscillatory circuit Ji2f-'2 
vacipim tube. Thv second valve ac.ts as a detector. In its 
anode ciifiiit is an aj)eriodic retroactor coil R coupled t() the 
coil L2 sufficiently tightly to set uf) continuous oscillations. 
The frecpiency of tlu'se locally-generated os(;illations may be 
altered by varying f»he condenser (U and the inductance L2. 
Tlu'se local oscillations interact with the magnified oscillations 
alic'-ad)^ taking place in L2^^2 produce beats twhich are 
then rectified by the second valve and give signals In tho 
telephones T. The circuit L2O2 cannot, of course, be made 
aperiodic. 

Fig. 237 shows a receiving circuit which is very selective 
on account of tlie loose coupling between the anode oscillatory 
circuit of the first vacuuni tube and the grid oscillatory circuit 
of the second. 



The retroactor coil is now coupl(id to the grid oscillatory 
(Jircuit of the second valve. The coil L3 may be made aperiodic 
if desired. The j)rinciple of this circuit may be applied to the 
various high-frequency detector-anqffifiers |)reviously described. 

A Three-Valve C.W. Receiver. — Fig. 238 shows a circuit 
arranged by the author for a certain purpose. The incoming 
os(?illations are aTni)lified ])y the first vacuum tube and hc.tero- 
dyned by the second. They are then n^ctified by the third, 
which is adjusted to act as a detector. The first two tubes 
are not, meant to rectify. . 

Combined Retroaction and Self-Heterodyning Circuit — 
A more efficient method of using thriie valves .to receive 
continuous waves is to employ retroactive amplification 
before the oscillations are heterodjmed. Such a circuit has 
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been arranf^ed by the •author in Fig. 239. The circuit 
operates as follows ; Jnconiiiig oscillations* in Li are amplified 
in the anode oscillatory circuit R |(!2 f)f the^first Vficvuni tube. 
The inductartCe Rj is coupled to in such a maimer as to 



2I}S. — Threo-valvo (%W. receiver in which the socuud valve acts a» 
hetcrodyner. ^ 

amplify further the incoming oscillations by retroaction. 
Se.lf-f)S(;illati()n should not be produced in th(^ first tube. 
The magnified oscillations are once more magnified by the 
second vacuum tube a'nd appear in the circuit containing C 3 , 
where they are now hetcirodyned by the third valve, which is 



Etc. 2.‘U). — ^'riiree-valvo (?.W. receiver in whuth the last vacuum tube acta 
as cletcctcirdyner. 

made to oscillate by coupling R 2 , which may be aperiodic, 
sufliciently tightly to the inductance shunted by C 3 . The 
third valve acts as the detector. W’hen receiving long 
waves it may be advisable to connect a separate, inductance 
in series with Rp 
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Use of Detector- Amplifier. 1 f ^jt is (](\siro(l to use a 
deteetor-amj)liiier (a rfictilyiii^ valve followed by others used 
as L.F. amplifiers) it is necessary to use an external hetero- 
dvner or to arrange a grid oscillatory circui'c coupled to 
the anode oscillatory circuit of a separate vacuum tub(\ The 
latter arrangement is shown in Fig. 240. The separate vacuum 

tube is used simply 
as a high-freqnen(*-v 
amplifiei* and self-hete- 
rodyner. The amjdifier, 
which is of the Fig. 199 
type (terminals X and 
Z) acts as the detectin 
device. The connec- 
tions to th(^ funjdifier 
should be reversed to 
see '\idiich way gives the 
best r(isu]ts. This, in- 
cidentally, should be 
done on all amplifi(U‘ 
circuits, sinc(^ one ar- 
rangement geneiall}’ gives ratlKU' better l esults than the f)ther. 
TJie terminal connected to the grid should invariably b(^ con- 
nected to th(5 high-i)otential end oh the coil to which the 
detector-amplifier is connected. It should not be connected 
tc the end nearest the filament. 



Fig'. 240. — (Jircuit suitable for us(‘ will 
detector-amplifier for rec(‘])fi(>n of f^W. 



Fia. 241. — Highly selective C W. receiver. 

• 

A Highly Selective C.W. Receiver.— Fig. 241 is a highly 
selective circ.uit which is of a type described by L. A. Hazeltine.* 
As will be seen the anode oscillatory circuit L 2 C 2 is connected 
* L. A. Hazeltine, Proc. I.H.K,, 6, 2, 91 (April, 1918). 
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across grid and anode ci the vacuum tube and not across 
anode and lilament as is more usual. Thi^ circuit will tend to 
absorb oscillations of frequencies to either side of the frequency 
desired and isf theiefore highly selective. Hazeltino does not 
reciommend the use of the same valve as a destector })ut suggests 
using a sc^parate detector circuit loosely coupled to L 2 C 2 . 
This detector circuit may consist, if desired, of a self-hetero- 
dyning vat*.uum tube, in which cas(i the coupling betwetm 
Ijj and L 2 is adjusted to give retroactive aiuj)lilic.ation. Tin's 
class of circuit may Ix^ varied in many ways. TIk^ ic^ader is 
j(‘-feiTed to Rigs. 149 and 150. 

Phenomenon of Circuits Oscillating at Two Frequencies.- 
(hrcuits of the foTlowiug tyjres osciljati^ continuously at a 
siufflr fr(‘<|uency when the coupling Ix'tween grid and anodes 
oscillatory circuits is suffici<mt tf) j)rodu(‘(‘ self-oscillation. 

(1) (Circuits in wliich the grid cii-cuit is tuned ajid the 

anode (urcuit aperirxlic, (cj/. Rig. 2112, oscillator of 
Rig. 223).* 

(2) (,'ircuits in which the aiKxle circuit is tuJi(‘d and the 

grid ciicriiit is a}xniodic (c.//. os(‘iJlatoi’ of Rig. 2‘J!i). 

(3) ('ircuit s in which th(‘ grid and anode oscillatory circuits 

are part of one circuit, the tuning being accom- 
jrlished by a single condenser as in t;]i(^ (*.ase of the 
oscillator of hig. 228. 

(4) Circuits like that of Fig. 148 ( /), in which th(i secondary 

inductance is difectly in the acuial circuit and not 
as shown ;* or the circuit as it stands without tlxj 
aerial circuit coujJed to it. 

Th(i ficxpicncy of the os(;illations set nj) will depend in 
cases (1) ajid (2) on the wave-length to which the t uned circuit 
is adjusted. In tlie case of (3) the fnxpiemjy will depend on 
the. product of the cajracityand the sum of the two indiK^tances, 
to whi(^h latter lias been added the mutual inductance b(?fVeen 
the coils (if any). In case (4) the frequency will depend 
on the product of the inductance and the c.ombimxl c^apacif ies 
of the (jondenseivs. 

When we conui to use circuits in which both grid and anodes 
circuits ar c tuned {e.g. Fig. 148 (d)) and circuits using aperiodic 
retroactoTs but loosely coupled to an aerial circuit (e.g. Fig. 
148 (a)), we find that the hu'.al oscillations are liable to take place 
at two difTereirt frequencies. Sometinxjs the luicuits will 
oscillate at one frequejicy aJid sojuetimes al the oilier. 
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Sometimes they take place at thee same time. The whole 
theqry of oscillating circuits and their frequencies is given in 
Hazeltino’s Paper* before the Institute of Radio Enginaers 
and reference should be made to it' for full information. 

Tli(! phenomenon of the production of two freqinuicies 
in a receiving circuit is sometimejs of great use. We have 
seen that the self-hetoj'odnic circuit has the disadvantage of 
being slightly out of tune with the nuioming wave.s'and^tlie,re- 
fore offers some reactance. If, howevei', we ariangc for tlie 
vaciuun l.ube to b(' ready to oscillate at two fre(|uencies, we 
(!an inak'e one freqiuMiey coincide with tlu^ incoming fie()uency 
(in which case there will be no reactance) and make tint other 
fi‘e(juency slightly difl'orent in order to obthiu luiats. 

'I'he (‘Ifect. is frcHjmmtly obtained when tlni aiuial and 
closed receiving circuits are closely coupled. Considerably 
louder signals are the result of the phenomenon. L. W. Austin 
has used what he has termed a “ sensitizing circuit ” which 
appears to act in the above manner under certain ('onditions. 
It enables the coupling between tiie aerial and cdosed receiving 
circuits to b(i loose. His arrangement consists in coupling 
an inductance shunted by a variable condenser to an inductance 
coil comu'cted in the grid osiullat'Ory circuit. 

Use of Resistance Amplifiers as C.W. Receivers.- The 
resistance detector-auiplificus de.s(ui|)(fd in Chaptcj' \H. and 
Chapter VII 1. may be used to receive C.W. signals provided 
a,n external heterodyner is used or if the letroaction is sulli- 
ci('.ntly increased to produce self-oscillatio'n. 

Pig. ^11 ni»v be used as a (.'.W. rc^ceiver ju'ovidcd It is 
coupled sulliciently tightly to Lj. The amplilitu' will tlu'n 
dscillate of its ovn acc.ord at a variabh; frequency. . Similarly 
the circuits of Fig. 2111 tyjte may be used to receivt; 
continuous wavers if the. dcgiee of retroaettion obtained by 
means of the lesistance. or capacif ativi! coupling is sulliciently 
increased. 

* Proc. I.lt.K., April, HUS. 



CHAPTER XI. 


Transmission ok Continuous Wavrs with Vacuum Tubes.* 

Just as tliore arc an alniosl iiiiiiiitc mtiriber of ciicuits which 
may be* used foi' l otroactive amplificat ion and for tins reception 
of continnons wat(>.s. S(» aie tliere many methods whereliy 
continuous oscillations may Ik* jicnerated by means of vacuum 
tubes. Since almost cveiry ('.W. receiivoi' emjiloys an (tscil- 
latin^ vacuum tube to j'eneratc local oscillations, we can sc(* 
that if w(! increase the outjiut of these oscillators we will 
obtain a useful ti'ansmitter of continuous waves. TJiere 
seems a little douBt as to the efiiciency of hif!;h-})ower vacuum 
tube transmittei's at the present time. Much energy is wasted 
in heating the filaments of the transmitting tubes fnd it 
appears that high-frequency alteniators have a higher efficiency. 
As a generator of small and m(*diuni powi'r the vacuum tube 
is ideal and its efficiency considerable. 

Advantages of Coatinuous-Wave Communication. Before 
passing on to technical considerations, it will Ik! interesting 
to notice the advantages gained by the use of (jontinuous 
waves. They may* be enumerated as below : * 

(1) The\' are usually capable of travelling further distances 

and are not liable to be absorbed to the same extent 
^as damped waves. • 

(2) They are <;apablc of being received by the heterodyne 

pj'inciple. The results of using heterodyne recejition 
aie W(dl known. * 

(3) The use of heterodyne reception l enders C.W. working 

very selective on wave-lengths lower than about 
3.000 metres. A very large number of stations are 
able to work in a limited area without causing 
interference. . 

(4) On account of the absence of damping, tuning is more 

selective. 

♦ Soo, il. Scott-'I'aggart, “ Practicivl Noks on Siiiiill-powcr O.W. 
Setfl,” Wirclcaa WorUf April, May, June, Jlll'J. 
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(5) By using the principle of beat reception, C.W. signals 

may be giyen any desired pitch. They may conse- 
quently be easily read through atmospheriese or 
strays. ‘ • 

(6) On account of the persistenc)^ of continuous waves, the 

receiving circuits may be very loosely coupled, thus 
minimising interference and the effects of strays. 

(7) High-speed of transmission is })ossible. Iii the^ (;asc 

of spark ” wireless transmitters, only one. oi* ivfo 
sj)arks would take ])laee during a “ dash ” if the 
sending weie too rajiid and no musical note would 
be lieaid at the re(‘.(Mving station. 

(8) in th(‘ case of vacuum tube, f ransiiiitters there is no 

loss of energy due to the resistance of a spark gap. 

(9) W. tra-usniitters may l)e converti'd into wireless 
telepl 1 one t ransmi t te i‘s . 

The Oscillating Vacuum Tube. — Th(‘n^ is much (contro- 
versy at j)resent as to the first inv(\stigat-ion to discover the 
oscillating properties of the thre('-(dectrode tulx^. 1)(‘ 
Forest, E. II. Armstrojig, J. L. Hogan, I. Ljingmuir, and 
A. Meissner all claim the distinction. There secuns a good 
deal of (widence to show that de Forest in his exp(‘riinents 
discovered this useful property of the aiidion, although its 
great usefulness was not fully appreciated till lat('r. It is 
certain that his audion circuits were ea])al)le of geiKuating 
(oscillations, and he certainly understood tin*, j(itroa(d.iv(^ 
eflect between grid and platen. Long before this tlu^ “ buzz- 
ing tel(‘phone ” was known. This device is simply a micro- 
phone and telephone in a common circuit and placed 
together. The resultant low-fre(j[uency self-oscillation is 
purely a form of retroaction in which th(i output of the 
amplifier (the microphone) is coupled to the injiut sid(!. In 
the same way, if new types of high-frequency amplifier 
are produc(id we will b(^ able to use them as oscillators. 
Langmuir’s British Fat(mt claiming a method of making a 
valve oscillate is 144647 (Oct. 29/13). 

Telefunken Oscillating Circuits.— Fig. 242 shows an 
arrangement described by A. Meissner,* of the Telefunken 
Company. This type of circuit is described in Cerman 
Patent 291604 (April 10/13). By coupling a coil L 2 to a grid 

* Kois Khclrician, July JI/J4, aud L. dc J''orost’B uuinincnts, Ulcctrician, 
Aug. 28/14. 
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coil L 3 and the anode oscillatory circuit L 4 to the coil 
Li, Meissner obtained continuous oscillations. The action 
of "this circuit is very similar to the •variou.s "oscillatory 
circuits we have previously discussed. If a momentary 
(oscillation is set up in the (-.ircuit LjLoC' it is passed on to 
the grid oscillatory circuit Ls. 

Tt is amplified by 

vacnifim tube and j‘(iap})oais in 
Jj 4 . The c/oLipl in»^ l)etwoen 
and the eireuit in 

a retroactive .maiiiior and 
stren^tlu^ns the oi’i^iiial oscilla- 
tion. The .strciiij^thened oscilla- 
tion is further amplified and 
th(‘. process is r(‘])eated uiifil 
the wliole circ-llit oscillatl^s of Fro. 2-12.— Meissner’s oscillatinji 

its own accoi'd. • circuit 

111 British Bateiit 2o2/14: (Jan. 0/14), (). von Arco and 
A. iM(‘issn(*,r <les('j*il)(» how they employ the yihenomenon oftetro- 
action to prodiu'c continuous waves for wireless transmis- 
sion. The circuit sii.i;.i;ested is shown in Fi<]j. 243. This is 



also th(‘ circuit described iu the 
dale. A ^rid coil Lj^Js yrrovided 
and also an anode 'oscillatory 
circuit IjJ) coupled to it. An 
aerial and eaith ase cmiuectf'd to 
the circuit Lol'i iu order that the 
continuous oscillations set uj) may 
be used to radiatf^ continuous 
wav(\s iiAo spa.ee. A source of 
pot(*ntial H, whicJi may be an 
anode battmy oi- dynamo, is in- 
eJuded in tin* anode circuit PLJIB. 
A tap])inj; key is used for signal- 
ling’ and is ai‘rang(^d to make and 



break the anode circuit. If the 
key be closed a sudden f^ow of 
anode (uirrr'nt. will pass through the 


Fi«. 243. — ^Arco and Meissner 
continuous- w'avo transmitter. 


anode circuit and charge the condenser C'|, which will discharge 


through Lo and thus set up a few oscillations iu the circuit 
LoCi- Since the inductance Jji is coupled to the coil L 2 , 
the oscillations in L 2 C 1 will induce into the grid coil Lj ; 


u 
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they will be amplified by the vacuum tube and passing round 
the anode circuit LA will strengthen the original oscillations in 
L 2 C 1 , which would normally die out rapidly. The, strengthened 
original oscillations induce into Lj,* are amplified once more, 
and the process is repeated until the circuits oscillate of their 
own accord and a state of equilibrium is reached. The building 
up of the c.ontiiiuous oscillations takes a negligible time and 
will only take place when the c.ouj)]ing Ixitween L| and*Lo id 
sufficiently tight. The energy frf)m the anode battery convert(‘d 
into oscillations in this manner can l>e taken from the circuit 
and led to an ant(uma coimected directly to it as shown. 

The wave-length emitted will de})end ori the value of the 
condenser C^. The energy generated will dej)end to a ceitain 
extent on the coupling between Lj and L^. If this couj)li]ig 
is loose, the representative point on the anode current curve 
will only travel up and doA\n the anode curvt* a short distance. 
The maximum powei* is geneiated wlun the represcuitative 
point moves along the whole length of the straight portion of 
the ebrve. The power generated by such a syst(un dejxnds 
on the length of the straight ])ortion of the curve ; in other 
words, on the strength of tlu' (uirrejit flowing from the cathode 
(the filament) to the anode (or jdate). To obtain suitably 
high potentials on the anode Arco and 3feissner suggest the use 
of low-frequen(;y alternating cuirent. In this case the voltage 
is easily stej)ped-up by a transformer, but oscillations will only 
tsike place when th(\ j)ositive half-cycle ap]>lies its K.M.F. to 
the anode. These questions are discussed at huigtli later. 

Armstrong’s Circuits. — K. Jf. Armstrong lias evolved a 
lai’ge number of oscillating circuits whi(*h an* c,a])abl(* of being 
used as transmitters. An exanqde is given in Jlritish Patent 
24231/14 (Dec. 18/13), which has been jireviously mentioned 
In Armstrong’s i)atent, the arrangement, could be used as a 
transmitter by coupling the aerial circuit to the induetaiice 
and placing a key in th(i anode circuit. St longer oscillations 
take place in the anode circuit, and on that account the aerial 
circuit is connected or coupled to it. 

Marconi Vacuum Tube Transmitters. In Biitish Patent 
13247 14 (May 29 14), H. J. Round and Marconi’s Wireless 
Telegraph (V). show a valve transmitter in whicli the grid of 
the tube takes the form of an external metal coating. 

* The “ maintaining ]>otcntialB ” may be ainy)lifie{l fiiKt l)cfoj e eomjijiini- 
caiing them to 1 he grid. See J. Seott -Taggart, Electrical Jtevicir, Jim .7, U<2 1 . 
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In British Patent 1^48/14 (May 29/14), the Marconi Com- 
pany and H. J. Bound describeseveral cifcuits for the produc- 
tion of continuous waves. They V.y . • 

involve the ‘use of a battery y 
and resistance across the ,i!;rid k — . ■ 

condenser. This arranijement 5 2 *-* n 1 

was fovind useful when the o ^ — I 

soft* valves then used were ^ ” II G L 

emploj^d. c lo 

Lee de Forest’s Circuits. — ^ ^|! 

Lee de Forest describes in P 

British Patent (>^86/15 (April 

1^0/15) an aiTanfjreTnent for the • H ^ 

transmission of continuous 

wav('.s generated by his au- — * — ^ ^ 

dion. Connection is, as is 
usually found in.de Forest’s 
circuits, taken from LaC (Fi«. 

244) to the fi^idand ])]ate of the audion. In the plate ^Bircuit 
is connected a plate battery H and an iron core impedance Z. 
The action of the circuit 
is a little obscure, but \1/ 


continuous oscillations 
are set up in L 2 C] and are 
transferred to the a('rial 
circuit. The audioij. used 
with this circuit con- 
tained residual gas. Tlie 
condenser C 2 in this (;lass 
of circuit serves to insu- 
late the grid from the 
steady voltage of H. In 
British Patent Itdl lb 
(Sept. 4/15), d(‘ Forest 
describes a ciicuiit which 
he uses for telephonic 
transmission. A resist- 
ance and microphone is 
connected across G and 



Fig. 245. — Another de Forest C.W. 
transmitter. 


F of an ‘‘ os(ullion ” (the trade name of a hard ‘‘ audion ”). 

Fig. 245 is another circuit designed by Lee de Forest and 
C. V. Logwood and desciribed in British Patent 107001 (May 
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23/16). A resistance r is connected Wirectly across grid and 
filanient and acts a?i a leak to prevent the grid becoming too 
negative. A key K is used for signalling. The usual ifon- 
core impedance coil Z is included in the plate circuit. This 
arrangenK'ut resolves itself into a sim})le oscillatory circuit if 

we rciarrange the circuit, 
omitting Co, C 3 , and C 4 . 

Fig. 246 shows another 
de Forest circuit de- 
scribed in the same 
patent.* The condenser 
Cl reju Qsents the antenna- 
('arth capacity. A con- 
nection is taken from a 
point on the indTictance 
L| to the filament. The 
stopping condenser C 
H of the E.M.F. on 



Fig. 240. —A form of T.W. transmitter 
patented by de Forest. 


3 

the 

the 


avoids short-circuiting the source 

plate iP. Two ihore suggested circuits arc given in 
specification ; one is shown in Fig. 296. 

Practical Continuous-Wave Transmitter.— We may use 
almost any kind of retroactive circuit I 0 juoduce continuous 

waves. Probably the 
Tiiost useful type of cir- 
cuit is that shown in Fig. 
247, ip which retroaction 
is obtained by coupling 
magncti(;ally the anode 
and grid oscillatory cir- 
cuits of a hard vacuum 
tube. The following 
points should be noted 
about this circuit. 

(1) The aerial circuit 
is directly wupled 
to the anode 
oscillatory cir- 
cuit. It is un- 
necessar\ to have 

a separate aerial circuit ]oos(*ly coupled to the anode 
oscillatory circuit. The reasons which necessitate 
* See also British P.ai(‘rit 141040 (June 1/10) of B. V. L. Hartley. 



Fin. 247. — A practical small -power 
transmitter. 
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this latter arrsftigiiment in an ordinary spark set do 
not apply.* • 

* (2) The anode oscillatory circuit is tiuietiby meanstol the con- 

denser , which varies the length ol‘ the waves emitted. 
The value of Cj should be as small as possible. 

(3) The grid coil li is aperiodic. The coupling between 

^ and L is variable. The coil 11 may be wound 
• of resistance wire or may be shunted by a lesist- 
• ancc to make it aperiodic. This increases the 
]ange of wave-lengths over wliich the vacuum tube 
will oscillate. The coil U is now not strictly an 
oscillatory circuit, but is used for communicating 
high-frequency potentials t(5 tlie grid G. 

(4) The anode battery H, which may have a value of 200 

to 800 volts for small sets working up to about 
50 miles, is shunted by a condenser C 2 rHow the 
jiassage mi JI.F. oscillations. Instead of a battery a 
direct current dynamo might be used. It is usually 
preferable to place J1 on tlie filament side of 

(5) A grid battery B 2 may be provided to assist in the preven- 

tion of a grid current. To obtain the full ])ower from 
l;he set, the operating point should be half-way along 
the steep straight portion of the auodtj current curve. 
A leaky gi id ci^ndeiiser is usually used instead of B 2 . 
(0) All ammeter A of the hot-wir(‘ ty[)e is included in the 
earth lead to measur(‘ tlie current in the aerkil. 
In the case of a small-power set this current will 
be anything up to 1 ampere. An ordinary flash 
lamp bulb may be used in })la(‘e of A. It will ligjit 
•up on pressing the key K and will give a very good 
indication (d' the relative strength of the aerial 
current. The switcli S shorts A when desired. 

(7) The melliod of signalling is to make and bieak the 
anode cii-cuit by means of the key K. The moment 
K is closed the circuit oscillates of its own accord if 
the coupling betwcicn li and L has been suitably 
adjusted. If the^ connections to li have been 
wrongly made the circuit will not oscillate. 
Modifications of Previous Circuit. — Fig. 248 shows another 
practical circuit for low-power transmission. Various features 

* This feature has been described by M. J. a tour in British Patent 
1474G2 (Nov. 11/16). 
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have been sliown on it in order to illuStrate one or two varia- 
tions ‘or refinements.' lnterestin<f features to be noted are : 

(1) Thoi inductaiiice Lj has two sets of variable tappiiigs 

taking from it. Ti goes to the aerial and T 2 to the 
anode. Sliding contacts may b(5 used but radial 
switches and tappings are to be preferred. The 
tapping T 2 is sometimes tei'ined the anode tap. 
The ari'angement is simply tlu’! ordinary ;\uto- 
transformer coupling sonu^tirnes used in spark 
transmitting and receiving circuits. It results m 
more efficient transmission. 

(2) The grid oscillating circuit is now niade tuned by the 

addition of the condenser This complicates 



Fia. 248. — A'C.W. transmitter provided with an anode tap. 

the tuning of the circuit and is bcNst • omitted. 
The condenser C 2 may be calibrated in wave-lengths. 

(3) ^ The switch »S and the battery Bo provide a means of 

adjusting the grid potential to the value which gives 
, the maximum aerial current in A. 

(4) A resistance of about 8,000 ohms is usually beneficial 

if connected • in the grid circuit in place of the 
arrangement SB 2 . It may be non-inductive or simply 
a bobbin of fine insulated copper wire without an 
iron core. It is shuntc^d by the condenser of 
about 0*001 to 0*002 mfd. to allow the passage of 
H.F. currents. The use of this arrangement lessens 
the current running in the grid circuit ; it prolongs 
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the life of the ralves and lessens the chance of the 
“ blue glow ” pheiionienon produced when a hard 
• valve becomes soft. It also trends to keey the grid 
at Of suitable negative potential. 

( 5 ) A fixed condenser C 5 of about 0*015 infd. is connected 
in the earth lead. I ts function is to pr(ivent the posi- 
tive side of 11 being connected to earth. This dilliculty 
^ iftin be obviated i)y conn(‘A‘ting the anode battery 
.in the position shown in Fig. 282. In certain cases 
it is of advantage to have (V, variable in steps. 

(()) The negative side of lh(‘ anode battcM v is connected to 
the positive side of the lilament. luxating accumulator. 
This addR th(‘ voltage acrosjj 11. to that of 11. 
Single-Coil C.W. Transmitters— lnst(‘ad of using two 
separate coils coupled to each other, it is possible to use only, 
one coil wdiieh has a 
variable ta|)])iiig. ^Fig. 

219 shows an exceed- 
ingly siinjde vacuum 
tube transmitter. A 
taj)|)ing T slides along 
the inductance L and 
is connected to tin*, fila- 
ment of the vacuum* 
tube and also to earth. 

The anode oscillatory 
circuit consists of *the 



top portion of the coil 
L above T. The grid 


Fia. 240.— Siraplo single-coil C.W. 
trails niittor. 


oscillatory cdrcuit con- 
sists of the low<u* portion b(dow T and is aperiodic. The 
circuit has a (iondenser C across tlu*. anode oscillatory circuit. 
The ta})i)ing T need not be a sliding contact. A radial switch 
may be piovided with several studs connected to dilTevent 
})oints of L. 

Another single coil (IW. transmitter is shown in Fig. 250.* 
The condenser C is now connected across the whole of L. The 
earth connection is taken to the point B. The variable con- 
denser assists in the tuning of the set to a given wave-length. 


♦ Se(^ British Patent 141040 (Juno 1/1 r>), by R. V. L. Hartley (Western 
Electric Co.), also lOmOl (May 23/10) of L do Forest und C. V. Logwood, 
• and also 149145 (July 10/17) of Hutli Ges. 
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Fig. 250. — ^Aiiuthcr C.W. irans- 

initting circuit. 


This class of circuit, claimed by K. V. L. Hartley, is very 
useful since it does, not employ a letroacbor coil. Broadly, 
it is a sin,<5le circuit across grid and anode, a connection^ to 
the filament being tiikon fi*oni a })oint on the inductance. 

The two j)ortions of the 
inductance need not be 
magnetically coupled. By 
this arrangemeilu the jx)- 
t(‘ntials communicated tb 
the grid ar(^ such as to 
maintain oscillations in 
the single circuit. 

A rather analogous cir- 
cuit is claimed by E. 11. 
(.•olj)itts in Britisli Patent 
111000 (Feb. 1 18). The 
li lament is now comjected 
not to a point on tht inductance hut between two con- 
densers in series, which shunt the singh* inductance used. A 
suitable path for th(‘ dirt‘ct ajiod<* current is provid(‘(l. 

Capacitative Coupling in C.W. Transmitters.— VVe saw 
in Fig. 130 how electrostatic or caj)acitative ret roactio]i 
could be o})taiii(*d In' connecting a small (^ond(‘ns(‘i- across 

the grid and anode 
of a vacuum tube. 
\\'(‘ also saw that 
hiKh'i’ ctutain con- 
ditiojis th(i valve 
could 1)(‘ ]»jad(‘. to 
oscillate of its own 
accord. In ac.tual 
])]actict‘. the use of 
(capacitative retro- 
actioji proyid(\s us 
with an (llicicmt 
andvaiiabhcTiKcthod 
circuits of a C.A\". 



Fi<;4 25J.- 


CMV. trarisinittiii*^ eirruit oiuj>loyin 
ca]>acitativ(* coupJiiii;. 


of coupling anode* and grid oscillatoi v 
transmitter. • 

Fig. 251 shows a theoretical circuit in whidi a c(»upliTig 
condenser C3 is used. The grid (joil Lg may be aperiodic 
or may be tuned by the addition of C2 as shown by the 
* Sec also h. <lc Forest s J’atciii 107001 (May 23/lt»). 
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dotted lines. Th(^ eoiK^ipnser i\ is adjusted until tTie eii- 
cuits oscillate of their own accord and tjie maximum aiprial 
cur4*ent is obtained. The wave-length emitted may^be varied 
by adjusting .the inductances and condensers. The combina- 
tion which gives the maximum current in the aerial should 
be used, although other combinations giving the same wave- 
length will frequently be obtained. V'ariation of will 
not only liltei* the . . . 

coupfing, but. also M/ 

the f req uenc'.y of 
the local oscilla- 
tions. The action 
of this (dass of cif- 
ciiit is not very 
rc\gular unlc^ss the ol 

coils \ji and Lo are 
slightly c.ou|)l(‘d to 

(‘u.ch other in the ^ 

™izrn;«i - nMdw- if rMw 

be variable. i 

Kig. 2o2 is a I / p \< 

circuit similai to a x J 

type us(‘-d by the ® 

Freuc.h (tIovcmh- 

mcuit There is no || Cz ^ “T 

particular novelty* "|r 'n iB 

u,bout it. but it i.s a 

simple and eflicient l|l|l|l|l|l|l|l|t 
(inn it. , The vu.- ^ 

cuuni tube is mad(* ^ 

to oscillates hy 
rnc^ans of the c ii-pa- 

citative coupling (i , 

. , I . i' Tn r 252.— rriwijcal C.W. trimsmittei- usiji^ 

ailCJ also 0 \ SllgUllA magnetic and capacitativc coupling. 

coupling tlie coils 

Jj2 and L3. The coils and IJ3 may be lixed or variable in 
one or two steps as shown. • I'he lejigth of the waves emitted 
may be varied by tuning on the inductances L^. it may consist 
of a variometcii*, a coil with a sliding contact or an inductance 
provided with a 10-turn switch and a 1-turn switesh. The 
condenser Cj is adjusted to give the maximum current in the 


Fig 252. — rnictical C.W. transmittei- usun^ 
magnetic and capacitativc coupling. 
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aerial. The longer the waves emitted the greater will have to 
be the capacity of Qi, A grid resistance R shunted by C 2 is 
shown, bi}t it is a refinement and not essential with some types 
of valve. A grid potentiometer arrangement could be substi- 
tuted if desired. Having shown what variations are possible, 
it is hoped that the student readt^rs themselves will be in a 
position to modify circuits as they desirt;. 

Separation of H.F. and Direct Current in C.W. Transmitters. 
— At the end of (Hiapter VI. we saw vaiious methods of 
separating the high-frequene.v oscillatory current in an 
anode circuit from the normal steady anode current. The 
devices shown in Fig. 181^ ar('. all very useful when 

used in^i . W. transmitting 
circuits. 

Fig. 25^5 shows a 
practical example of a 
liigh-fn^quency circ uit 
s(*[)arat.ed from and 
coupled to tin*, anode cir- 
cuit PR, KlIF by the con- 
denser V. Th(‘ condemser 
(J allows th(^ passage of 
high-f reipieiicv oscilla- 
tions but acts as an in- 
sulator towards t he dii*ect 
anode current. If the 
aerial 'is touched when the 
key K is dejiressed, only 
the high-frequency cur- 
rent will be felt and not t actual voltage of H, as, would be 
the case if the Fig. 253 circuit w^ere used. Moreover, there will 
be no leakage of direct current from the aerial if the insu- 
lation of the latter is faulty. The essential feature of this 
circuit is the use of a resistance Rj which has a value of about 
5O,0OO ohms, or more if the internal resistance of the vacuum 
tube between filament and anode is high. This resistance 
allows the passage of dii ect current but tends to oppose high- 
frequency oscillations. The liigh-frequency E.M.F.’s across 
the resistance R^ energise the aerial oscillatory circuit. The 
greater the resistance of R^ the greater will be the E.M.F.’s 
across it, but, as we saw in the case of resistance amplifiers, 
the introduction of a high resistance in the anode circuit 



Fjmj. 253. — C.W. transmitter in wbicli tlie 
anode oscillatory circuit is shunted 
across the I).C. anode circuit which con- 
tains a high resistance. 
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cuts down the anode cuH’cmt by perhaps as much as half and 
necessitates the use of higher anode voltages. The battery 
a, «r whatever source of E.M.F. is employed, is also included 
in the anode \iircuit shunted by the oscillatory circuit. This 
arrangement saves the use of a separate by-path condenser 
across H, which would be necessary if the oscillatory circuit 
were simply connected across Rj. 

TJje disadvantage of this class of circuit is the high 
E.M.F. lequired to operate it, and the loss of power in 
the resistance. The drop in potential across is very 
considerable and consequently the circuit is not suitable 
for use when the source H of E.M.F. consists of a battery 
of accumulators or*dry cells. We can. however, use a different 
arrangement by substi- 
tuting an iron-core im- 
pedance or air-core 
choke-coil in plac^.e of 
the resistances H|. The 
impedance offesred to 
high-frequeiKsy currents 
by this coil would cause 
the rad io-f requency 
E.M.F.’s across it to 
energise the oscillatory • 
circuit. Since the resist- 
ance of this choke-coil 
to the direct anode ’cur- 
rent is small compared ■ transmitter in which the 

, . , 1 • j. anode oacillatorv circuit IS shunted across 

to the internal resist- jyo. anode circuit, which contains 

ance of • the filament- an iron-tJoro choke-coil. • 

anode path inside the 

vacuum tube, the> usual anode voltage only is necessary^ 

The principle of the resistance circuit of Fig. 253 is used 
by the Western Electric Company in some of their receivers 
(see British Patent 102500, Fig. 4). If an impedance coil is 
used we have a circuit similar to that employed by Roy A. 
Weagant and also by A. Meissner. In the circuit shown, a 
variable condenser might bt^ connected across Li. A filament 
rheostat Ro may be used to regulate the power. The retro- 
actor R is shown aperiodic but might be tuned. Care should 
be taken not to let the condenser C short-circuit, otherwise 
the battery H will be shorted through 
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Fig. 2C)4 shows tho ciixjiiit of Fig.>2.')3 modified. This time 
thooscillatoi* circuit LjClj is connected to the anode circuit by 
means of two st()p})ing c.ondeusers C 3 and tV- which ftiay 
conveniently be of fixed capacity. The impotlance coil Lg 
might of course be replaced by a resistances A switcJi S 



Fig. 25i). — Various methods of signalling with a tapping hey. 

is used to switch the filament ‘cuireiit on or off. A fuse 
wire Fi is connectc^d in the filamtmt cirtuiit and blows if the 
filament current is made too great. The filament of the 
vacuum tub(‘, is thus protected. Another fuse wire F 2 is 
shown in th(^ anode cijcuit and blows if the anode current 
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increases above a certaiii limit. The battery H is thus pro- 
tected. Jii Fi^. 254 the ^rid oscillatory ciscuit is shown timed. 

4rhis general class of circuit has bi'-en^used by# the Telc- 
f unken Company and also in circuits developed by E. H. Colpitts 
for the Western Electric (^)mpany (see Fig. 294). 

Methods of Keying.— Various methods of sending out 
dots and dashes from a V.W. transmitting station have been 
sugg(;^sted.* Some of them are. givim below. They are illus- 
trat(‘d by Fig. 25.5. 

(a) A k(iy is inserted in th(‘ anode cinniit. of tfie vacuum 

tub(\ On d(^pressing the key, the anode current 
begins to flow and the system oscillates. On 
raisinir t!lie key, the anode current stops flowing 
and th(^ s(4f-oscillation ceases. This method is 
very convenient for small jiowei-s. Curiciut is only 
taken from tin' anode battery when sending. Spark- 
ing at th^'. k(y cont-acts (which may be lesseiu'd by 
(jonnecting a condenser across th(un), occurs when 
heavy auod(» currents are used. ^ 

(b) A kev may bt‘. included in the grid circuit. The 

system will only oscillate when the key is depressed. 
The key does not now interrupt luvivy cuiTcnfs and 
no sparking occurs. The anode current, however, 
will b(‘. flowing all the time to a certain extent.* 
This causes the plate battery to run down ” 
lapidly. Also, the steady plate current will rapidJy 
heat up the anode by elecd-ron bombardment ; the 
anode may become Avliite hot ; this results somet imes 
ill the liberation of oc.chuh^d gas, which renders 
ihe vacuum tube useless for ti’ansmission. When 
method (a) is used the anode has time to cool be- 
tw(H*n the dots and dashes durijig tj*ansmission, 

(c) A key may be included in the filament circuit. This 

arrangement is very economical since neither 
anode nor lilament current is being wasted in between 
the dots and dashes. Slow sending only is possible 
since it tak(\s an appreciable time for the filament 
to heat up and cool down. It involves a great 
strain on the iilament which rapidly burns out. 
This method is c-onsetpiently not used in practice. 

* Somotimos tho gri<l <i('(‘uimiltin's ji auRic.i(.*iit ly lU'galivr ]>ot(>iitiul to 
cut down the anodo cuiTenl. 
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(d) An improved modification*^ is to keep a steady 

current flcrwin^ through the filament which, however, 
C.S made insufficient to set up self-oscillation. •The 
ke}’' circuit is so ari-aiiged that on pressing the key 
the full filament current is switc*hed on. A suitable 
arrangement is to have a resistance in series with 
tlie filament l)attery ; on pressing the key this 
resistaiu'.e is shorted. ' ^ 

(e) (Combinations of {a) and (b) may be used, hhough no ' 

benefit is gained. A combination of (a) and the 
improved modification described in {d) is useful 
since it economises filament current. The filament 
resistanc.e sliowld be shorted just before the anode 
circuit is closed (see (d ) ). 

(/) The grid or anode oscillatory circuit may be normally 
shorted. On pressing the key the systtmi is free, to 
oscillate. The disadvantage d(,\s(;ribed in is 
present. 

(3^ The key may be, connected in the grid circuit in such 
a way that a battery is brought into the circuit 
and gives the grid a stioiig negative potential 
which pre,verits the (urcuits oscillating. On depress- 
ing the key the battery is taken out of circuit and 
the system is free to oscillate. 

(h) A key might be connected in the aerial circuit in the 

* case of low j)owers. 

{j) Any of the circuits may be normally detuned. On 
pressing the key the c.orrect wave-length is emitted. 
This system is employed on arc. transmitters and is 
most undesirable since two wave-lengths ^re being 
used and cause considerable interference with other 
stations. One or two turns of the aerial tuning 
inductance are usually shorted by depressing the 
key. In this way a wave-length is emitted different 
to that radiated between the dots and dashes. The 
receiving station tunes his set to the shorter wave- 
length, and does not hear the spaces unless he speci- 
ally tunes his set to them. The difference between 
the two wave-lengths is usually about 100 metres, 
but frequently it is more. 

(i) A key may be inscitcd in series with the resistance of 

the grid leak, both leak and key are shunted by the 
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f^rid condensor* On raising the key the oscillating 
potentials on the grid will, by making the ’grid 
positive lialf tlie time, cause a Jarge accumulation 
of (Electrons on the grid, which will become so nega- 
tive that the anode current will b(^ cut off and the 
system will stop oscillating. This happens almost 
ijistantaneously, and the arrangement has been very 
• widely used. 

(/) modification consists in connecting a second con- 
denser in the grid circuit. When signalling this is 
short(Ml .by the key. The aiTang(‘ment works on 
the sam<i principle as the one above. 

{m) An ingenious keying system has be(ui described by 
N. L(*.a and 3. Ree (of the Radio (k)mmunication 
Ltd., Loudon). The key is so arranged that 
ail}" arc which forms acioss the key contacts on 
j'aising the key communicates a high negative 
pot(intial to the grid. Tlu^ arrangement is very 
elTec.tiv(‘, in practice, and is suitabh^ for high j)#wers. 
The Production of High Voltages. — The production 
of high voltages for C.W. transmission is a i)roblem of great 
importance. The following methods of obtaining high 
voltages are in use at present : 

(1) A battery of diyTiells or accumulators. 

(2) A direct c.urrent dynamo of high voltage and small 

output. 

(3) Step-up transformers in the primary of which an 

intermittent current (lows ; an ordinary spark coil 
is an example. 

(4) The use of alternating (current the voltage of which 

can easily b(> stej)ped-up by the use of ti ansformers 
and then rectified. • 

(b) The use of the positive half cycles of alternating 
current. • 

((») The use of high-voltage alternating current without 
rectification. 

We will now consider individually the various methods 
whhJi may be emjiloyed, and their relative merits. 

High-tension Batteries.— For voltages u}) to about 400, 
the most suitable source of E.M.F. is a battery of cells or 
accumulators. A number of flashlamj) batteries may be 
connected in series, carefully insulated. This arrangement, 
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however, will very soon “ discliarg/ ” in use. For experi- 
mental work lar,i»e flry cells of tlie b(\st malce should In', used. 
The voluwie of ea^di cell should not he less than 12 cilbic 
inches. Owiiii;’ to tlu^ deterioj*ation of cells, it' is preferable 
to use th(‘ type which re(|uir(‘.s to b(^ tilled with water before 
use. The i^roatest can^ should be taken to insulate ('ach cell. 
The*, cells may be conveniently mounted in boxes ot 70. f^ivinjj; 
about 100 volts pej- box. The necessary volta.uc^ is obtained , 
by connecting vsevej-a.l of these 100-volt l)atteries in shries. 

If the anode batteries are in constant use it is preferable to 
use accumulators, although they are (mnibersome and recjuire 
recharging. In sjiite of the fact that 1 heir ,uiithil cost is high, 
they are more economical in the end. Probably the most 
suitable kind of cell is the 3-ampere-houi* size. Th(\y may b(^ 
arranged in l)oxes of bO, all in seri(\s. 

Dynamos. — Dynamos ar(‘ fn^quently used to obtain the 
voltages required for transinissior. . Th(‘y may be 

divided into three (‘lasses : 

(k) Hand generators. 

(2) PropelkT-driven i»enerators. 

(3) Motor g(m('rators worked from an accumulator. 

The first ty})e ])i‘ovides high-voltage direct, cuncmt by the 
turning of a handle. 

The second class is used on a(To'()lam\s, wh(M(‘ weight is a 
consideration and where ]) 0 W(T is obtained by the use of 
a 'small prop(»H(^r wfiic.h rotates as the aeroiplane passers though 
the air. Some extremely light and effic,i(*]it dymiinos foj‘ this 
purpose have been evolved. A difficulty with these s(^ts 
is to obtain a uniform E.M.F.. as the speed of levolution of the 
propeller is liable to vary. 

The third class is the most common and is sometimes 
used on aei’cqdaims as well as land st at ions. 

Use of Induction Coils to Obtain High Voltages. — A 
very useful metliod of o})taining the high voltages necessary 
for C.W. transmission is to employ an ordinary small induction 
coil the secondary terminals of which are conn(H*ted in the 
anode circuit of the transmitting tube. 

Fig. 256 shows the induc.tion coil in use. An accumu- 
lator B 2 of about 10 volts works the induction c.oil TiT.j, which 
is of the usual type, the step-up ratio, however, being only 
1 to 100. The make-and-break is of the usual type and is 
shunted by a c.ondenser of about 1 mfd. capacity. The 
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primary winding takA a current of two to throe amperes. 
The secondary winding gives a voltage of about 1,000 and a 
curfent of about 20 milliamperes. It is shunted by a con- 
denser C 2 ift about 0*02 


\l/ 






lili!. 







Fia. 25<>. — Use of an ordinary induction 
coil to 8Ui)])ly the anode with high 


mfd., which serves the double 
purpose of allowing the II. F. 
oscillations^ in the anode cir- 
cuit iio pass and also of 
resonating the transformer 
T 1 T 2 to the frequency of the 
make-and-break. 

Now the current from 
the secondary of such a c.oil 
is not a sinusoidal alternat- 
ing one. The current in- 
duced in the secondary coil 
is very much stronger at 
the “ break ” than at the 
“ make."’ Consequently we 
connect the secondary To in 
the anode circuit in such a 
way that the impulse at the 
break makes the ajiiode 
positive. While the anode is positive an anode current is set 
u}) and the circuit commences to oscillate and radiate con- 
tinuous waves. Oi\ the ‘‘ make a weaker negative [)ulse 
affects the anode, but as no anode current is established no 
oscillations are set up until the next positive pulse coiries 
along. The result is that continuous waves are sent out in 
groups at* the frequency of the “ breaks ” in the primary 
current. Fig. 257 shows the kind of waves emitted. The top 
line shows the variation of anode voltage. The negative 
voltage at the make is shown below the lin(\ The second 
line shows the anode current, which only flows when the 
anode is positive. ‘ The third line shows the continuous waves 
emitted during the time that anode current is flowing. The 
waves very much resemble ordinary damped wav(^s, except 
in that each group contains more waves than would be the 
case with damped wave-trains. It is to be expected that the 
oscillations would continue for a short time after the actual 
anode current has stopped. In Fig. 25G a safety spark gap G is 
provided. The gap is normally too wide for a spark to pass. 
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The aerial current obtained fron^i the circuit of Fig. 256, 
using 6 volts acj’oss'tlie lilatnent and 1,000 volts on the anode, 
is about CfT am})en* and will signal a range of about 20 miles. 
The aerial current is about the same as that obtained if an 
anode battery oi GOO volts were used. Th(i wavers, being 
divided up into groups during transmission, may be received 
on an ordinary dampell-wave receive]*, siuih as, a cnystal 
detector (inaiit oj* non-oscillating valve. Best I'esults; how-^ 
ever, are obtainc'd when hei.erodyne rece]>tion is elmployed. 
The signals heai d then bear a resemblance both to sj)ark signals 
and the usual note heard when receiving tWV. The note 
obtained with an oidinary vibratoi- is low rAid the signals ar(‘ 
liable to he jiimmed bv^spark stations; the use of this class 
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Fia. 257. — Type of oscillations general ed bj 27 J circuit. 


of transmitter causes sej-ions interference with neighbouring 
stations and is therefore not to be altogethei* i tHommended for 
most purposes. AVherc lightness of equipment is es?»ential the 
arrangement is excellent. It is, of course, v(ut much che£ij)er 
to maintain than anode batteries. 

An improved form of the Fig. 250 cin'iiit is shown in Fig. 
258: We are now using a better form of induction coil, the 
make-and-break of which consists of a rotating armature A 
(at the extreme right of th(‘. figure) driven bj^ a small motor 
()]• water turbine. On [ircssing the key K a current passes 
through Ti which may be interrupted at the rate of 1,000 times 
per second. The voltage of is ste])j)(^d-up by the induction 
coil T 1 T 2 and applied to the anode of the vacuum tube. 
The groups of waves radiated have now a frequency of 1,000 
and will produce a clear, high note at the receiving station 
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even if heterodyne reciption is not employed. With beat 
reception the sip;nals are excellent and noU very much different 
f [’(An those received from stations sending ©ut pure Continuous 
waves. • 

This system is sometimes known as th(i tonic train inter- 
rupted C.W. method t)f transmission. One of its features is 
that stations may be given characteristic not(‘s by varying 
the ^p(‘ed of the make-aiid-break. When ]mre (continuous 
waves r#e oniittc'd, a.ll stations sound alike, and one station 



Fiq. 2r)8 . — Upc of an induction coil fitted with a rotary interrupter to 
Rupj)Iy tlio steady anodes voltage. 

• 

cannot usuall}^ be (listiiiguislu'd from another ('.xcept by its 
call l(jtt(irs. 

In both Fig. 250 and Fig. 25S a sj)ark gaj) U is provided. 
Normally, this gap is too wide to allow a spark to pass whJln 
signalling with the key K. Jf, however, there is something 
faulty with the set and the ciiiTent from Tj» is not absorljed in 
the anod(' cir’ccuit, sparks should pass across G. 

Use o! Rectified Alternating Current.— As alternating 
curr(mt may easily be stepped up to any desired voltage it is 
particularly suitable for usti on C.W. traiismittcus. By 
rectifying the current aft tu* it. has Imm sti'ppedupto a suitable 
voltage we can obtain an aliifost steady E.M.F., which is then 
applied to th(‘, anode of th(‘ tiansmittiug vacuum tube. The 
use of alternating currtnit becomes necessary on the high- 
powered C.W. transmitters which use an anod(‘ potential of 
5,000 volts and upwards, since diiect current of this voltage 
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is not easily obtainable. The advertb of the hard vacuum 
tube iias made the rectification of alternating current a simple 
matter. % 

Rectifiers may be divided into two classes, hiilf-wave and 
full-wave. They may also be divided into two further classes, 



Fig. 250. — A two-elwitrode v.ilvc 2(K).- -A thrcc-t'lctiirodo 

roctifior (J. Scott-Ta'^j^art). traiisrnittijii^ tube. 


namely, those usin^ hi^h vacuum bulbs and those in which 
gas is present. 

Half-wave Rectifiers. — This class of rectilier usually 
consists of a type of Fleming valve in which a heated filament 
emits electrons which pass to a cold anode. Only when the 
anode is positive does a current flow. Consequently the 



Transmission of Continuous Waves. 


309 


device is very suitable^for use as a rectifier of alternating 
currents. Fig. 259 shows a high power rectifying valve 
de.^igned by the author for the Edison Swan Electric? Company, 
Ltd. It will be seen that the anode and filament cionnections 
are widely spaced so as to prevemt external or internal arcing 
along the surface of ilie glass. The essential constructional 
feature is /he metliod of supporting •the anode. 

Till', same cm ) ust ruction is employed in the three-el ec>trode 
tubes d«%igned by the. author. Fig. 2(50 is an example givcui 
as a mattcii- of inle.rest. 

Fig. 201 shows a simple valve rcH-.tifier circuit. A filamcmt 
F is lieated to in 4 :and(\scene.e by the battery 13. A rheostat 
R varies th(‘ filaiiienf curremt. 

An anode P is plac(*d a short 
distance from the jilam(‘.nt. A 
source A of alternating current is 
coimc'-cted across 4^lie anode and 
filamcmt of the valve*. Two out- 
put- terminals Y and Z are-in- 
c^ludc^d in the anode (iireuit ol 
the valve, the resistance L rci- 
j)resenting tin* load or (‘xtcunal 
circuit in which tin; rectilied 
current is to 1 m' used. The con- 
demser C is charged up by the 
unidirectional im}vdses passed 
by the valves 

Let us se.e the efTc'ct of a 
comj)lete altcmiation. The alter- 
nating cPirrent first makes the 2l)l.— Vacuum tube rectifier 

1 .L alternating current 

anode })ositive and the filament 

negat ive with respect to it. Electrons emitted by F flow to 
the anod( a.nd set uj) an anode current which passes through 
th(‘. external edreuit L from Y to Z, or, more correctly, charges 
up the cond(*ns(n- C, from which is drawn the current which 
flows through L. Sinc.e the electron current flows from Y to 
Z, the terminal Z is positive and the terminal Y is negative. 
The filament' of the rectifying valve is now at a high positive 
potential (iompared to Y, and the accumulator B and the 
rectifier should be very carefully insulated from the earth. 

If now the second half-alternation affects the anode, the 
latter will become negative and no anode cuneiit will flow 
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through L. Tlu* ourn-nt through L consequently unidirec- 
tional and only flo'v^'s when the positive half-(\ycle afleett^ the 
anode. This forn* of recitification is known as half-wave 
rectification and the condition of affairs is 'demonstrated 
graphically hy Fig. 202. The toj) line shows the alternating 


A (\ 


Hrcl iflt'd A (J 

Fig. 2()2.--Slmwing grapliically ollrcd oj Kig. 2()1. 


current supplied to the rectifier. The second lim* shows the 
flow of current into the condenser (\ or through L if there is 
no condenser V. 

The amount of (uirrcmt supjdied by out* of these rectifiers 
will depend upon the amount of current which can pass Ix^twceii 
filamvnt and anode. This will depend on 

(!) The voltag(‘ on the anode. 

(2) The filament current. 

We see this more cleai ly by referring to the anode-volt.ag(‘ — 
anod(‘-current (uirve of Fig. 27 and th(‘ text connect(*d with 
it. We saw that tin* anode current* is limited first by the 
filament current and then by the anode voltagi'. A\'e can 
censeijuently vary the current su])])li(‘d l>y th(‘. rectifier by 
altering the temjieratuie of the filament by means of Ji. 
This })resumes that the alternating v^oltage is sufficient to 
])roduc(» saturation. If the anode is given a voltage of 1.000 
by the jiositivi* half-alternation and 500 volts jiroduces satura- 
tion, we are. obviously using ati unnec.(‘ssarily high anodi* 
volta,^^e and the. rectified current will have a flat.-1.o]>j)(‘d wave- 
form. 

.The resistance of the rectifying valve will usually d(‘j)end 
on th(‘ value of K since the rheostat regulates tlui current 
passing through the valve. Consequently the voltage*, supplied 
to the. external circuit L will depend on the value of K. The 
current taken up by L is of course limit(*.d by the current 
through the rectifying valve. 

Students sometimes fail to understand why the filament 
of the rectifier is connected to the positive terminal of the 
external circuit, when clearly it is made negative by the alter- 
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nator A. The probleii)|is simplified by considering ALFPA 
as a simple circuit containing two resistaijces, one being L and 
th« other the path FP of the valve. Since P is at a higher 
potential than F there is a drop of potential all along the 
circuit. The anode is positive relative to the lilament. The 
filament F is positive relative to the terminal Z. The terminal 
Z is positive relative to Y, and so on. CJonsecpiently, though 
the ^lam(iht is negative with respect? to the anode it is positive 
(M)mpar<id to the end Y of the external T (\sistanc(\ 

Dushman^s Rectifiers. — We have earlier on discussed 
the Kenotron rc^ctifier dev(Joped by the General Electric 
Company of U.S.A. Saul Dushman of that company has 
described in BritiSli Patent 1001 04 y?eb. 20 15), several forms 
of rectifiers for use up to 100,00(^ volts. In one form, the 
anode consists of two jdates mounted on either side of a 
filament cathode. The two plates are electrically connected 
and have an opposing electrostatic attraction on the filament. 
Another* form is the usual cycdindrical anode'- through the 
centre of which ])ass(\s the filanient. Still another design con- 
sists of a cn])-sha])ed anode and a cathodes in the for5:i of a 
shoT’t spiral })rojecting centrally into the cup-shap(*d anode. 

Th<' following ])articulars of muTUifacture will be of interest. 
The envelope (or glass bulb) is givem a preliminary exhaust 
and baking as in the ^n^mufacture of incandesccuit lamps, the 
last stages of evacuation being })i('fei*ably carried out by 
Jiieans of a (iaede molecular pump. When the space within 
the envcl()|)e has becui exhaust c'd to a ])ressure of approxi- 
mately O'OOOtlOl millimetre, the filament is hc'ated to incan- 
descence and a potential of about 2,000 to 3,000 volts is 
applied betweem filanient. and anode, producing an cdectaon 
discdiai ge acu'oss the vacaiiim and th(u*eby disengaging any gas 
occluded by the anode. The evacuiation is meanwhile con- 
tinued to remove this gas. Care should be exc'.rcised \o dis- 
continue the electron discharge' if the liberation of the gas 
becomc'-s great enough to cause the appearance of a blue glow i 
in the tube as this indicates positive ionisation which, if con- 
tinued, will harmfully affect the cathode filament. 

Further particulars aboift Kenotron rectifiers are given by 
S. Dushman in the General FAectric Remew for March, 1915.* 

It should be noted that if the anode becomes too hot 
through electron bombardment, rectification tends to become 
* StJC also abstraci in Klictriciun , May 2S, 1915. 
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imperfect. If the anode becomes i^jcandescent it will emit 
electrons itself and .the rectifier will conducit both ways, the 
valve actij)!! bein^ lost or i)artially lost. MovSt rectifiers larc 
designed so that l!he anode or plate may be « conveniently 
cooled. Dushman states that about 10 watts per square 
centimetre of anode area is permissible, corresponding to a 
temperature of about 160(r K. The present author considers 
that rectifiers designed for practicuil high-power transmission 
should not op(U‘ate at more than 5 watts per squa^^e centi- * 
metre. 

Meikle’s Rectifier.— G. S. Meikle and the G.B.C. (U.S.A.) 
have described in British Patent 5557 15 (April 13/15), a recti- 
fier which is suitable foi; use wilh alternafing currents over 
a (iurrent and voltage range comparable to the capacity of a 
mercury arc rectifi(M-. It differs from devices in which the two 



electrodes are mounted in a 
highly evacuated envelope, 
in that an inert gas such 
as argon at a considerable 
pressure fills the bulb. 
Moreover, an arc is set up 
inside the valve. Several 


„ _ amperes may be obtained 

Fio. 20S. — Foi'in of IMeiklo's IiJilf-wa\(* r . i.' i 

rectifier. Irov^ These rectifiers, which 

art', useful for chai’giiig 
ac^'umulators. They are thus somewhat outsidti the scope of 
this work. An interesting feature in this* class of rectifier is 
that its resistance is low, the voltage drop across the valve 
being only 1 to 2 volts, whereas in the kenotron type of 


rectifier the voltage droj) is very considerable on a(;count of 
the high resistance of the valve. 


A typical form of a half-wave rectifier is shown in Fig. 263. 
A port*ion of the anode A is cut away to show the filamentary 
cathode F. Various inert gases may be introduced into the 
rectifier ; argon, howc'.ver, appears to be the best. The 
pressure of the gas may be anything from one millimetre 
to an atmosphere. Lower pressures of gas cause disintegration 
of the filament. In order further to protect the filament 
special shields have been designed and are described in Britisli 
Patent 5741/15, dated three days later. The filament is 
heated to incandescence (about 2,000° Centigrade). The 
anode should be large enough to prevent heating beyond 
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727° C. The arc is started by the electron emission of the 
filament but will usually maintain itself.even if the filament 
cuvrent is switched off. 13urin<^ evacaiation of th^ bulb gas 
is removed from the anode by strongly heating it by electron 
bombardment, and electro-negative gases such as water 
vapour, oxygen or chlorine are carefully excluded. This 
class of rectifier, althcnigh unsuitable for the rectification of 
high^ voltages, has been described here as a subject of interest 
in conn< 3 iction with rectifiers. 

Example of Use of Single-wave Rectifier. — The most 
useful form of rectifier for small ]>owe?s is the orclinaiy hard 
valve containing an anode and fila- 
ment. A three-electrode vacuum 
tube may be used if the anode and 
grid are connected together. A 
suitable small power rectifier cir- 
cuit is shown in Kiu. 204. Jt is 
• ' 

composed of a small valve and an 
induction (K)il, the secondary of 
which is coniK^cted in the anode 
circuit of the valve;. The induct ion 
coil, on pressing the key K, de- 
livers S(;mi-alteniating current to 
the valve, and the baftv^y B 2 
connected that the maximum pulse 
(at the ‘'break ”) of E.M.F. makes 
the anode P posit iVe. The valve 
rectifies the semi-alternating cur- 
rent and the recjtified pulses, which 
are always in the same direction, charge up the condensci* C 
of about 1 mfd. capacity. This condenser acts as a store from 
which direct current may be drawn to feed the anode circuit 
of the transmitting vacuum tube. The condenser is always 
kept charged by the small pulses of direct current whicl} do 
not dir(;ctly feed the external circuit. The result is that the 
current drawn from C is almost steady and not pulsatory as 
was largely the case in the Fig. 25G arrangement. The small 
rectified pulses are, howevef, superimposed on the steady cur- 
rent drawn from C and produce a slight ripple on the voltage 
applied to the C.W. transmitting valve. Experiment shows 
that this ripple is only about 3 per cent, of the voltage. The 
signals from a C.W. set using a rectifier of this type are little 



Fie. 2C4. — Uso of val vo aa rooti- 
litT of altonialiiiR oiirrorit aiip- 
l)liod by aniiidiJotion coil. 
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different from those of a pure C.W. transmitter, particularly 
if the frequency of the ripple is about 1,000. 

Use oL Half-wave Rectifier with A.C. Supply.— Fig. 265 
shows a complete (J.W. transmitter in which, the voltage 
applied to the anode is obtained from a half-wave rectifier 
working on altc'.rnatin^ current from the mains. The alter- 

n o 

nating ciin’ent (of, say, ^200 volts) is stepped uj) to about 
1 ,000 or more volts by the transformer T3T4. The hfgh voltage 
across T4 is applied to the rectifying valv(» Vj. The^ rectified » 
current charg(\s the condenser which acts as the source of 
anode E.M.F. for the transmitting vacuum tube to the left of 
the figure. The transmitting cir(*uit is of the usual type 
and requires no explanation. * 



, Fig. 2(»5. — Cdinplotc d.AV. traiisniittcr using rectified alternating 

current. « 

A new feature shown is the method of heating the filament 
of the rectifying valve. This is acc^oinplished by the use; of a 
step-down transformer T^T*, which converts the *200 volt 
alternating current into, say, 8 volt alternating current, which 
now serves to heat the filament to incandesc-en(*e. A rheostat 
R regulates the filament current. Sinc^e tlie. voltage across T2 
reverses, the voltage a])p]iod to the anode P of the rectifying 
valve will have 8 volts added to or sul)trac.te(l from it alter- 
nately. This effect, howevei-, is of no importance. 

Owing to the high jiotentials involved, all parts of the trans- 
mitting circuit should be very care'fully insulated, including the 
accumulator which heats the filament of the transmitting 
tube. The windings of the transformers should also be care- 
fully insulated. The condenser C3 of about 0*0()1 mfd. 
capacity is included in the earth lead and prevents the rectifier 
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bein^ earthed. A safetfr «ap G is connected across Cj to 
prevent the breakdown of the latter in tlie event of the trans- 
miWiinf^ tube failing to take the current. ^Jif^nalling is accom- 
plished b}'^ irwjans of the K. The reader will realise that 
this arrangement is mo re suitable for higher power transmission. 

A New Rectifying Valve.* — The present author has evolved 
foj- the Edison Swan Electric Co., T^td., a special high-power 
recti^^yiug valve, which has given very good results and which 
has ma*y advantages over the 
ordinary type. In the ordinary 
rectifying tube the anode usually 
consists of a cylinder of metal 
surrounding the. fi^^xment. During 
operation, the space-charge pro- 
duced tends to neutralise the 
effect of the positive potential on 
ilie distant anode., (Vmsequently, 
high anod(‘ ])ot(nitials an*, neces- 
sary. The effect of the space- 
charge is more marked the greater 
the diameter of the anode. The 
anodes of the author’s valves have 
a portion of their metal work con- 
structed clos(*. to the flrafuent and 
between the filament and the 
main cylindiical anode. The 
poj’tion thus arranged is of an 
open-work nature so as largely to 
neutralise the negative space- 
charge while allowing the ma- 
jority of the electrons t(> pass 
through the spaces to the main portion of the anode. , 

The inner portion of the anode, in the laiger size valves, 
takes the form of a spiral of molybdenum wire fixed tc^ the 
cylinder (Fig. 2()6). During operation, this spiral is not 
the same potential as that of the main portion of the anode. 
Consequently, the space-(;harge is neutralised and full advan- 
tage is taken of the emission from the filament, thus producing 
an increase in the efficiency of the rectifier. If it is desired 
to increase the power of a rectifier, the obvious means is to 
increase the diameter of the anode. This, however, would 

* J. Scolt-Taggart’s British Patent 154304 (Sept. 8/19). 



Fig. 200. — A si)ccia.l* rectifying 
va]v(^ wJiich passes heavy cur- 
rents jit low voltages. ^(J. 
Seott-Taggart. ) 
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decrease the anode current, unless tfie anode potentials were 
increased. By utiKsin^ the ^^rid-like structure, the anode 
current will not bQ altered, sine.e the effect of increasing ‘the 
anode diameter will be compensated for by the effect of the 
grid attachment. 

The valve lends itself especially to the rectification of 
heavy currents at low po,tentials. A small rectifier of this type 
passed one ampere at oOO volts. Another very impcptant 
feature is that the rectified current is v(‘rv much g>^‘at(H‘ ff)r 
this valv(‘. than any other for a giveu power dissij>ation. 

Another C.W. Transmitter Employing Half-wave Rectifica- 
tion.— Fig. 207 shows an essentially pra(‘tic.‘il tiansmitting 



cii'cuit in which a valve V 2 rectifies th(‘ A.C. supplied by the 
step-uj) transfornu;]- The (condenser ( act,s as a reser- 

voir for the high potential rectified current and also acts as a 
high-frequency current generated.. The 
filaments of both rectifying and transmitting valves are heated 
by alternating current. 

Full-wave Rectifiers. — Whiiii half-wave r(*.ctiliers aie used 
the negative half-cycles are not ‘used and are c,onse(]uently 
wasted . To remedy this tlui full-wave rectifier has be(ui devised. 
It is capable of using the (iiiergy of both half-c^ycles, the negative 
half-cycles being reversed and made to fill up the gaps between 
the positive half-alternations. 
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lUg. 268 shows a forimof full-wave rectifier designed by the 
G.E.C. and described in British Patent 5567^5 (April 13/15). 


Th(? patent itself describes a 
gas-filled rectifier, but the same 
class of tube could })e used for 
small-power rectification by 
exhaustingjthe tube and using 
it as kenotro]!. Two anodes 
10 and 9 are placed on eithej* 
side of a filament 8. 

Pig. 269 shows a circuit 
us(id by G. S. JVjfikle, which 
utilises the devices as a full- 
wave rectifier. The same class 
of circuit may be employed 
when high vacuum valves are 



'iG. 208. — Moiklo's gaa-lillRd fiill- 
wavo rootilior. 


used. The secondary winding T 2 of a step-up tiansformer 
TjT^ is conne(;ted as shown to the two )lates Pi and P*,. A 
tapping M is also taken from the midway point of the wjjiding 
To. Two outj)ut terminals Y and Z may be connected in 
the anode circuit of a C.W. transmitter*. The winding T| 


is connected to a source of alternating current, th('. voltage 



of which is ste])j)ed uj) by TjTo and rectified by the double 
anode valve V]. 

The action of the circuit is as follows : Suppose that a 
half-cycle of alternating current has been induced in the 
winding T 2 . • Let us suppose that the half-alternation has 
set up an E.M.F. of 2,000 volts ac'ross To and that the end E^ 
is positive and the end Eo negative. The* point Ei will be 
positive while E 2 will be negative with respect to M. Noting 
now the electrodes to which these points are connected, we see 
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that the anode has a potential of /[-1, 000 volts compared to 
P, while the other anode Pg has a relative voltage of — 1.000. 
A flow ofuilectrons^ will (consequently take j)Iace to the aifode 
Pj and follow the course FPiEjMYZF. The ^>ign of Y and 
Z will therefore be negative and positive respectively. No 
current flows to Po sine.cc it is negative. 

Now let us suppose |hat the next half-alternation comes 
along and produces an E.M.K. of 2,000 volts across T^, the 
end E 2 being ])(>sitive this time and the' end E] Viegative.* 
The anode Po is now at a j)otcntial 1,000 volts higher than K. 
An eh^ctron current will now flow from K to Po through the 


rectification AAAAAAAAA 

of A.C. 


Reservoir 

condenser 

potential. 


Fig. 270. — Graphic rejiresentatioii of ri'ctification. 

« , 
winding EoM and round via Y and Z to tin* filament. The 
terminals Y and Z are still negative and positive respt'ctively. 
This time no electrons flow to P^ which is relatively negativtc. 

We thus see that the current flowing through the (internal 
circuit wiU be a direct one, and both positive and negative 
half-alternations will produce a current in the one direction. 
The graphical rej)resentation of the j-ectiliccation is shown in 
Fig. 270. The first line shows the* alternating current supplied 
to the rectifier. The sc^cond line shows the positive and 
negative half-alternations acting in the same diinction. The 
third line shows the E.M.F. supplied for use in a C.W^. trans- 
mitter when a condenser of large capacity is connected across 
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the output terminals ^ and Z. The condenser acts as a 
reservoir from which direct current is "drawn. There ’will, 
however, always be a slight ripple R whi^jh can b« heard by 
receiving stEftions within a few miles range. Outside that 
range the effect is the same as if pure continuous waves were 
being emitted. The ripple R, it should be noticed, will have 
a fre(pienc^y twice that of the altcma^ting current. 

lii practice it is sometimcis more convenient to hav(^ two 
separated coils MEj and ME^ 

(Eig. 209), instead of one coil To 
with a midway ta])ping. 

More efficient Results are ob- 
tained in all electron discharge 
devices when the anodc^ com- 
pletely surrounds tlu^ filament. 

The aiTangennuit. of Fig. 208 
docs not allow for .this. 

The [)res(^nt authoi* has de- 
signed a full-wav(‘, rectifier,* 
shown in Fig. 271, in which the 
filament 1 is surrounded by two 
(jylindrical anodes (i and 7. The 
construction shown is suitable 
for I kilowatt valves. 'This size 
is the commercial size manu- 
factured by the Edison Swan 
Electric Company for high-power 
transmission. The circuit of 
Fig. 269 may be used with this 
valve. • 

Use of Two Valves for Pull- 
wave Rectification. — Two valves 
may be used for full-wave recti- 
fication. A suitable circuit is 
shown in Fig. 272. Instead of using two anodes and one 
filament, two separate valves Vj and V 2 are used.- The 
filament current of each v^alve may be varied by means of 
a rheostat.' A condenser C acts as a reservoir to store the 
rectified current. It will be “seen that the valves work 
alternately. The action of the (circuit is exactly the same as 



Pac. 271. — Full-wave rt^tilier 
(.1. Scott-Taggart). 


Various modifications of this circuit are 
* J. Scott-Taggart, British Patent 116708 (June 20/10), 


that of Fig. 269. 
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possible. Sometimes a condenser in connected across the 
windinjf T 2 to improve the power factor of the transformer. 
The filam«nts cun;ents may be regulated by one rheostat. 



Fig. 272 . — A rectilicji* unit usinp two valves. 


A/^ 
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The filaments] may be heated by an alteniatiii^ current 
obtained from tlie same sonn^e as the current applied to the 
winding Tj (comjiare Fig. 265). 

G.E.C. Rectifier Units. — Fig. 273 shows a rectifier unit em- 

])loyed by the General 
'Electric Company 
(U.S.A.) and designed 
by VV. C. White for 
use in a wireless tele- 
phone which could be 
operated from the ordi- 
nary (;ity alternating 
current supply A. A 
primary winding T of 
an iron-core trans- 
former is connected to 



Fia. 27.‘{ O.E.C. recitifior ff)r producing high 
voltages for use in (J.W. transmitters.! 


the alternating current 
su])plyA. Two secon- 
dary windings T^ and 
T 2 are wound over the 
primary T. The first has a l&rge numbcu* of turns so that the 
voltage of the alternating current is stepped-up in Ti to about 
800 volts or so, according to the power to be developed by the 
C.W. transmitter. The other winding T 2 has only a few turns 
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and is intended to ^iv€i an altematinj^ euiTent suflBcicnt to 
heat the filaments of tlie rectifier valves Vliicli are connected 
in parallel. A resistance II may be included to* vary the 
filament curirent.* The conne(*,tion from the filaments is 
taken from the midway point of T2 instead of from one side. 
This arrangement f prevents one end of the filament being 
overheated by the superimposing of anode current on the 
filan^^nt current and has been explained earlier on in connec- 
tion wits Fig. 17. The condenser C is of about 6 microfarads 
capacity and stores ihe current from the rectifier, which acts 
exactly as the circuits of Figs. 2G9 and 272 (except that alter- 
nating current is ^used to heat the filaments). As the con- 
denser C is very large and the curre/^t drawn from it is small, 
the E.M.F. across C will remain constant to all intents and 
purposes, especially if the frequency of the alternating current 
is high. The terminals Y, Z are connected to the anode 
circuit of the C.W. transmitter in the position occupied by an 
anode battery in the smaller-powered sets. The arrangeipent 
shown in Fig. 273 might be vaiied by using two sc'parate 
transformers, the primaries of which could be in parallel across 
the alternating current mains, but this class of transformei- is 
the special design favoured by the G.E.C. 

A High-power C.W. Transmitter. — A transmitter may be 
arranged employing only the alternating current from the 
mains or from a special small rotary converter. 

Fig. 274 shows a C.W. transmitt(T which is a modification 
of the circuits used by the G.E.C. for wireless telephony. 
No method of keying is shown. A primary transformer 
winding T is provided and supplies alternating current to 
three secondary windings Tj, Tg, T3. The windings Tj and 1^3 
have only a few turns. The current in T| heats the filament 
of the transmitting vacuium tube, while that in T3 heais the 
filaments of th(‘. rectifier valves. Connections to the middle 
points of the windings are taken for the reason ex])lained abdve. 

A second reason which applies to the winding Tj of the 
transmitter valve is as follows : If the connection were taken 
to one end of T^ and the potential across Tj were 10 volts, 
the grid potential would alternately vary from zero to +10 
volts according to the direction of the half-alternation. 

* Somotimes the filament current is passocl through an iron-core choke 
and varied by movement of the iron-core. 

t See British Patent 15448/15 (Nov. 2/15). 


Y 
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Similarly the anode voltage would vaPry by 10 volts. This is 
undesirable, and i^ largely avoided by taking a half-way 
tapping a^^ shown. - 

Smoothing out Rectified Current. — The recuified current 
from a vacuum valve is pulsatory, more especially if only 
half-wave rectification is employed. This pulsatory variation 
of the voltage supplied io the anode of the C.W. ti;ansmittiDg 
tube causes the amplitude of the continuous waves to vary ; 
this ripple ” causes the received signals to be distinctive 
from tlie clear notes obtained when pure continuous waves 
are emitted. Moreover, the ri])ple causes the waves to be 
detectable over a considerable range on ^n ordinary non- 
heterodyning receiver. 'Consequently a semi-(\W. station 





Fig. 274. — Modified G.E.C. continuous- wave transmitter. 

cduscs considerable interference with stations -receiving 
spark signals ; this interference is not caused when pure 
contiruous waves are radiated. Another disadvantage of 
the ripple is that it makes the transmitter largely unsuitable 
for<use as a wireless telephone, which requires perfectly pure 
waves ; the only “ ripple ’’ existing should be that produced 
by the microphone when spoken into, as will be seen later. 

To lessen the effect of the ripple we may use full-wave recti- 
fication of alternating current having as high a frequency as 
possible, say 1,000 to 2,000^' or even higher. We then charge 
a large condenser having a capacity of 1 or more microfarads 
with the rectified current. The E.M.F. across this condenser 
will be fairly uniform and may be used to energise the anode 
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circuit of a transmittingi vacuum tube. There will, however, 
still be a slight ripple on the direct current supplied, due to 
pulsating E.M.F.’s superimposed on the steady current. 

These pulsatory E.M.F.’s may be minimised still further 
by using choke coils in the leads to the rectifier. . 

A Complete High-power C.W. Transmitter. — Fig. 275 
shows a complete C.W. transmitter for long-range work. 
With^ quite a small transmitting vacuum tube, such a circuit 
will trarfcmit almost pure continuous waves over a range of 
about 300 miles. It wull be seen that a separate path through 
C2 and Lj is provided for the high-frequency oscillations, 
while the steady anode voltage obtained from the rectifier is 
placed directly across anode and filament. The reader is 
thoroughly acquainted with this method of connection. The 
following particulars will be of interest. 

Rectifier. — Alternating current is supplied to the terminals 
IN. The current, passes through the primary Ti of a step- 
down transformer T1T2 which supplies a current of about 
8 volts E.M.F. to the filament of a rectifying valve similar to 
that shown in Fig. 271. The resistance R2 ^ rheostat for 
varying the current supplied to the filament. The transformer 
T3T4 has its primary Tg across the alternating current supply. 
A rheostat Kg is used for varying the current through T3 and 
therefore may be used tx/ regulate the power of the transmitter. 
A tapping-key K is used for signalling purposes. On closing 
K the rectifier anodes are supplied with the high-voltage 
produced in T4. This may be about 1,000 to 1,500 volts. A 
large condenser C5 is connected across the filament and the 
middle point of T4, which may be wound in two separate coils. 

Ripple Eliminator. — Two iron-core choke coils L5 and Lg 
are connected as sh6wn and are intended to prevent the passage 
of the low-frequency pulsations, while readily allowing the 
passage of the direct current which flows between filament 
and anode of the transmitting tube. One choke-coil only 
could be used if desired. A condenser C4 of smaller capacity 
than C5 is connected as shown. 

Transmitter Circuits. — The filament of the transmitting 
tube is heated by current induced into Tg by the primary 
T5 of a step-down transformer connected to the alternating 
current supply. The only ripple likely to be produced is that 
caused by the fluctuations of the filament current varying 
the electron emission. The filament, however, does not 
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readily cool, partly due to tlie vacuum around it, which acts 
towards it on the principle of a vacuum flask. Before the 
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filament lias had time trf cool another half-alternation is there 
to maintain its temperature. Naturally, the higher the 
frequency of the current applied to the filament tht) better. 

The resistance r (of about 8,000 ohms) shunted by a con- 
denser C3 (of about 0*002 mfd.) is an arrangement which wc 
have previously discussed. The condenser ('2 (of about 
(0*0005 mSd.) ])rovides a path for the high-frequency current 
in tte anode circuit. To prevent any radio-fr (‘.(|uenc.y current 
passing 1-hrough the* 1).C^ anode circuit, two air-core chokes 
L3 and Lj aie connected as shown. Those allow the direct 
current to pass while stopping any high-frequency oscillations. 
An iron-core choku L7 is also intended to act as an impedance 
which causes the high-frequency oscillations to take the path 
C2 Li. It also minimises still further the ripples on the E.M.F. 
supplied by the rectifier. It can usually be omitted. 

The grid coil L2 is shown aperiodic and is coupled to Lj 
A condenser Cj might be connected in the earth lead for 
short wave-lengths, but it is normally shorted. Obviously 
a variable condenser cannot be conveniently used for inning 
the aerial circuit, as the high power used would cause arcing 
across the plates unh?ss a special condense.r were used. If fine 
tuning is not accomplished on the inductance Lj, a separate 
variable inductance ^included in the aerial circuit, may be 
used. 

Special Remarks. — A fuse is connoctcid i]i the A.C. 
circuit to protect the apparatus. Fuses F2 and F13 are con- 
nected as shown to protect the filaments from an excessive 
flow of current. The fuses should ‘‘ blow ” when a current 
almost sufficient to burn out the filaments passes throug;h 
them. Fuses F3 and F4 are to pi*otec.t the anode circuits of 
rectifier and transmitter respec.tively. 

It should be noted that the negative side of the rcfjtifier 
(the middle point of T4) is ultimately connecited to earth. On 
no account should the filament of the j*ectificr be connected 
to earth since it has a liigh positive potential which makes 
careful insulation of the rectifier essential. Circuits in which 
the anode oscillatory ciremit is actually part of the D.C. anode 
circuit [e.g. Fig. 2G5) should haye a se})aiate aerial circuit 
or a stopping condenser in the earth lead in ordcu* to insulate 
the rectifier. (Careful insulation of the aerial is now especially 
necessary. 

It should be noted that when the anode oscillatory circuit 
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is shunted, as in Fig. 275, across tMfe D.C. anode circuit, the 
aerial is perfectly insulated (by C 2 in our case) from the source 
of anode voltage. 'If the aerial were accidentally touched the 
shock would only be that due to the high-frequency oscilla- 
tions and not the dangerous steady voltage from the rectifier. 

When a motor generator is used to work a transmitter of 
the type shown in Fig. 075 trouble is liable to ba caused by 
the difference in load when sending on K and when not de-press-^ 
ing the key. The generator slows down when tfie key is 
depressed and a heavy current is taken by the rectifier. This 
slowing down causes the current through the filaments of the 
transmitting and rectifier vacuum tubes to decrease, and the 
filaments go dim. On releasing K the converter speeds up 
and the filaments become bright again. If while the key 
K is depressed the filament resistances and R 2 be adjusted 
to give the full current, the raising of the key will be accom- 
panied by an additional increase of current which will blow 
the fuses or, if the latter are not used, will burn out the fila- 
ments*. This trouble has been eliminated on some sets by 
providing shorting contacts on the key which short special 
resistances permanently included in the filament circuits 
when the key is depressed. The drop in the voltage supplied 
to each filament is now compensated h)r by a lessening of the 
resistance of the filament circuit, bn releasing the key, the 
extra E.M.F. across the filament does not cause an increased 
fifament current since the extra resistance now comes into the 
circuit. 

Use of Positive Half-cycles of A.C, — We have already 
indicated that the positive half-cycJes of alternating current 
may be used as the source of plate voltage. Fig. 27*6 shows a 
circuit in which alternating current, supplied by A, passes 
throii^h an auto-transformer Tj when the key K is closed. 
A variable tapping S is provided ; the whole coil Tj acts as 
the* primary of the transformer while the portion between 
S and E 2 acts as the secondary. The arrangement is given 
in this diagram merely to introduce a very convenient method 
of varying the power and anode voltage of the transmitter. 
Maximum power is obtained when S is at Ej. The full 
voltage of A is now placed across T 2 . The coil T 2 might be 
replaced by a plain resistance but such an arrangement would 
result in a waste of power. 

The alternating current in T 2 is stepped up by the trans- 
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former T 2 T 3 and supplied to the anode circuit of the trans- 
mitting vacuum tube through two air-ccfre chokes L 2 and L 3 , 
which are to prevent H.F. current reachigig the ttansformer. 
The condenser C 2 by-passes this current. The grid-circuit is 
shown tuned. • 

The use of alternating current is suggested by Arco and 
Meissner jn British Patent 252/191^, which describes various 
uses^of the vacuum tube. ‘‘ It is thus convenient to supply 
the reli^ by alternating current, since a higher potential can 
be given in this cas(i (if desired, using a transformer). . . . 
Generation always takes place in the half period in which 
there is a positiv^ potential at the anode. In this* way trains 


El 



of oscillations are obtained which arc separated by pauses 
of the length of a half period of th (5 alternating current 
supply.” 

We thus see that the “ ripple ” on the continuous^ waves 
emitted will be considerable and the signals will be able to be 
read on an ordinary damped-wave receiver. The higher the 
frequency of the A.C. supplied, the more nearly will the signals 
resemble those obtained with pure C.W. Incidentally 
half the energy of the alternating current supply is not used. 

Use of weeial Vacuum Tubes to use both Cycles 0! A.C. for 
C.W. Transmission.*— Fig. 277* is diagram of a special 
vacuum tube designed by the author for transmitting with 
alternjiting current in such a way that both half-alternations 
* British Patent 146708 (J. Scott-Taggart). 
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are used. The arrangement is similar’ to the valve shown in 
Fig.* 271 , in that twci cylindrical anodes and Pg surround a 
single central filanient F. A grid G is placed between 'die 
anodes and tlie filament. ‘ Connections 
are taken from the four electrodes to the 
outside of the bulb. 

The suitable circuit foj* usf with this 
tube is shown in Fig. 278 . Alternating^ 
current feeds the filament threJagh the 
transfoT-mer T3T4. Altcu-nating current, 
stoj)ped-up by the transformer TjTo, also 
feeds the anode circipts of the trans- 
mitter. A half-way tapping along T2 is 
connected through L| to the filament. 
When a lialf-alternation is induced in T2, 
the anode P^, say, is given a positive 
potential relative to tli^, filament F. An 
electron current consequently flows in 
the direction FP0L4T2L5L1F and sets up 
oscillations in L) which are self-support- 
ing. Meanwhile the anode Pj is negative 
with rcspe(5t to F and no curi c^nt flows to 
Pj. When, howevcj', the alternating cur- 
rent reverses at*flie next half -cycle, the 
anode Pj becomes positive and a cur- 
rent flows in the circuit FPjLjjToL^LiF. 
(kmtinuous oscillations are therefore s(*.t up by each half-alter- 
nation. The two anodes Pi and P2 are used alternatively and 
consequently, liaving time to cool, do not get as hot as the 
aiiftdes of an ordinary vacuum tubf\ The condensei-s C2 and 
C3 by-pass H.F. currents. 

An^ither type of tub(^ designed by the author consists of 
one anode, one grid, and two separately heated filaments. 
The .anode is connec.ted to the middle point of a step-up 
‘ transformer and the potentials of the filaments are alternately 
positive and negative with respcjct to the anode. The ariange- 
ment works in a similar manner to the circuit of Fig. 278 , but 
is not so convenient. 



Fj(;. 277. — 'J'lic'oretical 
form of 8]K‘cml vii- 
ouuin tube for using 
both cytilcs of A.V. 
for UW. transmis- 
sion (J. Seott-Tag- 
gart). 


Use ol Two Valves fcr AtC. Current Working.— Fig 279 

shows a circuit in which two vacuum tubes are used alter- 
nately. No new principle is involved. The two condensers 
C2 and C3 act as by-paths for the oscillating current. They 
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also improve the power factor of the transformer T1T2. ,The 
tapping M is connected via L to the filaments, which are 

• * 

<JC 

\ 1 / ‘ 


QQQQ / 



in parallel and heated by alternating cairrent. The anodes 
oscillatory circuit L.is now in scries with the D.C. anode circuit. 



Kig. 279. — Continuous -wave high-poAwr Ij^insmitter using both half- 
cycles of alternutiiig current. 


If desired, it could be connected in shunt by discoimecting 
the lead from the midway point along T2 and making a new 
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connection from this point to the IKaments. The two con- 
densers C 2 and (-3 now act in turn in a manner comparable 
to the stdppin^ cemdenser C of Fig. 253, or the condenser 
C 2 of Fig. 275. The halves of the winding T 2 act in turn as 
choke-coils to the H.F. oscillations, and their acjtion is 
comparable to that of the choke-coil L 2 of Fig. 254. 

In the above arrangements it is advisable to connect 
air-core chokes in the leads to the middle and two ends (vf To., 
These arc not shown in the diagram, but they should preferably 
be used to prevent the oscillating current, from affecting the 
A.O. circuits. 

A 6.E.C. Transmitting Circuit. — The# General Electric 



Company (U.S.A.) have 
])atented a vacuum tube 
transmitter which is 
illustrated in Fig. 280, 
which* is takem trom 
Jk'itish Patent 139640 
(March 26 19). 

It has been found 
that the efliciency of a 
vacuum tube transmitter 
depends a great deal on 
* the value of the capacity 
inductance and resist- 
ance. of the oscillating 


Fjcj. 280. — A G.E.C. vacuum tubt 
transmitter circuii. 


circuits. When the 
anode circuit inductance 


IS also part of the aerial 
circuit, the capacity and resistance of the system are determined 
largely by the capacity and resistance of the at^rial, and the 


frequency of the oscillations is then adjusted by varying the 
inductance. Under such conditions, it will b(i found that the 


values of capacity, resistance and inductance thus imposed 
are not the values which would give maximum output and 
maximum efficiency for the particular valve used. 

The object of this patent is tq overcome this disadvantage 
and provide a system of collections whereby the constants of 
the oscillating system* may be made independent of the 
antenna constants and may be adjusted to those values which 
will give the best efficiency of operation. 

In Fig. 280, a tapping is taken from about the middle point 
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on an inductance LiL 2 ito the filament F of a three-electrode 
tube. A signalling’ key K is included efs shown. A vaiiable 
taPpping is taken from Li and connected Juhrough the variable 
condenser CI 2 the anode P. The aerial is connected to 
another tapping. The source H of anode voltage* and a choke- 
coil Z constitutes the direct cui rent anode circuit, to which the 
oscillatory circuit is coupled through the condenser ^he 
usual manner. 

Thc^grid is connected to the lower variable tapping. 
It will be seen that the inductance Li wliich is included 
in the anode circuit is also included in the antenna circuit 
and that the c^^pacity of the antenna, which is indicated 
in its approximate equivalent by* the condenser C 3 , shown 
in dotted lines, will be in shunt to this inductance. As 
a result, it will be apparent that the capacity of the antenna 
forms a part of the system in which the oscillations are 
produced, and since this capacity is fixed, it may not be 
possible to sec\ire the adjustnunits of the constants of the 
system necessary for the best efficiency of operation. To 
overcome this disadvantage, the inventors compensate for 
the effect of the antenna capacity by the use of a capacity Cj, 
which is connected in shunt to the inductance L 2 in the grid 
circuit, and which preferably has a value approximately* 
equal to the value df the antenna capacity. When the 
final adjustments are made, the portions Lj and Lo of the induc- 
tance will prefcrajjly have an equal number of turns, And 
under these conditions the effect of the antenna capacity will 
be completely neutralised by the condenser Ci and the adjust- 
ment of the system in which the oscillations are produced 
will be Indeqiendcnt of the capacity of the antenna ovtfl' a 
wide range of wave-lengths. 

The choke-coil Z, which is in series with the generator H, 
is so designed that it is resonant to the frequency of the 
oscillations produced, and under these conditions it •will 
act as a substantially infinite impedance to the high-frequency 
current, while permitting the free passage of direct current. 
The circuits are applicable to wireless telephone transmitters, 
and the other figure of the specification is included in the 
chapter on wireless telephony. * 

. Another de Forest C.W. Transmitter —In British patent 
131361 (June 16/17), Lee de Forest describes another of 
his continuous- wave transmitters. The diagram accompanying 
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the specification is reproduced in •i'ig. 281. I'lie direct 
anode current circfiit includes an impedance Z 2 and an 
inductance^ aiidcia D.C. generator H. According to the 
inventor, ‘‘ tlie inductance Z^ is without an iWm core, and 
serves as inertia element in the generation of electrical 
oscillations. This coil permits high-frequency current to 
pass through. The impedance coil Z 2 stabilises ,thc direct 
current in the })ortion of the circuit in which it is inswtcid 
and prevents sudden c‘.harges or surges from rendc^•ing the 
system inoperative.’' The high resistance r shunted by the 

(umdensei* (-3 appears 
to Civ*ry out the usual 
functions. 

Although no ex- 
planation of the opera- 
tion of the circuit is 
given, yet it would 
appear that the aerial 
system LjCj consti- 
tutes an oscillatoiy 
anode circuit couj)led 
to a separate direct- 
current anode circuit 
• *PZiZ 2 HF, by means of 
a sto})ping condenser 
C 2 . , The grid oscilla- 
tory circuit is coupled 
to this anode oscilla- 
tory circuit, to produce 
self-oscillationt For 
connected in seiies with the 



Fig. 281. — .Anotlicr de Fomst circuit. 


signalling purposes a key 
high resistaiKje r. 


Multiplex Wireless Telegraphy. — In Bi itish Patent 132502 
(June 24 18), the Western Electric Co. (U.S.A.) describe an 
important system of communication (imploying continuous 
waves, in which a carrier wave is modulated by several 
separate signalling waves. At ^the receiving station the 
various modulating signals are resolved and separated. By 
this system several messages may be*. s(mt at the same time 
with one carrier wave. The j)atent specification shows a 
transmitting and a receiving circuit, in both of which three- 
electrode tubes are employed. 
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Two C.W. Transmitters employing Special Keying 
Arrangements. — Wo havo already seen 'how a ta})piiig’ key 
niffy be included in the aerial circuit of continuous wave 
transmitter. * In Fig. 282 is shown a small-power C.W. 
transmitter in which a tapping-kc^y K not only makes and 
breaks the aerial circuit but also the anode circuit. Sjiarking 
is very liable to take place and the ga{) between the electrodes 
of tie key should be widc^. The key will (control about (R) 
watts, ifWo vacuum tubes of the French, K, ES 4 , or V.T. 
(U.S.A.) type being (unployed. The battery H gives about 



Fig. 282. — A small Jlo\v(^r transjniltcr, sJidwiiij; a sj»f*cial system of kejing. 

800 volts. Th (5 uegativ(‘, side of the G-volt accumulator B 
is connected to earth. The giid oscillatory cJrcuit is aperiodic. 
A variometer is includcMl in the aerial circuit for line funing. 
The position of the key is to be noted. 

Anothej- C.W. transmitter capable of dealing with i l^.W. 
is illustrated in Fig. 283 and is the cijcuit employed by 
Marconi’s Wireless Telegraph Co., Ltd., in their K.W. cabinet 
set. The aerial circuit contains a variometer L^, an aerial 
tuning inductance L 2 , and a.*fixedretroactor coil L 3 , to which is 
coupled a grid circuit (;oil L 4 . ^he direct current supplied to 
the anode circmit is obtained from a rectifier consisting of a 
two-el 6 ctrode valve and a ripple smoother consisting of the 
two condensers C 3 and C 4 and the cholie coil Z. The source 
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of power is a rotary converter or m^tor generator giving 85 
volt^ at 150 cycles. ‘The transormer T1T2 supplies alternating 
current at i5.000 vo^ts to the rectifying valve V], the filam<;nt 
of which is supplied with alternating current at 10 volts hy 
the step-dowp transformer T3T4. The filament of the former 
valve V2 is also heated by 10 volt alternating current supplied 
by the step-down transformer The direct cur^;ent anode 

circuit is separate from tlie aerial circniit, the coupling being 
effected by means of the fixed condenser C2. An inductance 
L5 prevents oscillatory current from j)assing into the rectifier. 



Fig. 283. — A Marconi K.W. coiitinuoua-A^avo transmitter. 

• • 

A milliammetcr Ao measures the direct current in the anode 
circuit^.and an aerial ammeter Aj measures the aerial current. 
It will be noticed that the aerial ammeter is in a separate 
circuit coupled to the aerial circuit. The range of the set 
when working on an aerial 100 ft. high and 220 ft. long to a 
7-valve receiver is about 350 miles by day. The set may be 
used for wireless telephone and tonic train transmission, and 
the reader is referred to the cihapter on Wireless Telephony 
for further details. Sigtalliftg is accomplished by means of 
the key K, which closes both the grid oscillatory circuit and 
the main supply circuit to the transformer T1T2. It will 
be readily understood that even when the main supply is 
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cut off, a circuit of this t^pe will oscillate for a moment longer 
on accoimt of the current from the charged rectifier condenser, 
unless one of the oscillatory circuits is bro]cen. • 

Amplifieiv Transmitter Circuits. — As we have previously 
foreshadowed, a very obvious development of tlje amplifying 
action of a vacuum tube is to use it in C.W. transmitting 
circuits. A source of oscillations applies the II.F. potentials 
to tjie grid of a power amplifier^ whose output circuit is 
coupled -ito the aerial emmit. This class of circuit enables us 
to use all kinds of vacuum i-ube os(*.illators, including those 
not adapted for high-power work except by taking advantage 
of amplifier circuits. Several such circuits are given in the 
chapter on wireless telephony. • 



CHAPTER XII. 


Vacuum Tube Oscili,>vtors, AVave-meters, CkrACiTV 
Meters a^]) other Measuriiscj Instruments. > 

The Measurement of Continuous Waves.*- Aii oi-dinary 
wavcriiotei* designed to iiieaisure damped waves is of very little 
use for iiieasuiiii^ tlic leiii'th of undamped waves, tliougli it 
may be used when no more accurate instrument is available. 
The crystal detector of an ordinary wavemeter is capable of 
rectifying continuous os(*illations, but uiil(‘ss they are broken 
up in some manner nothing will be heard in the telephones 
excej)t the initial click when the stream of (continuous waves 
commences. AVheii the oscillations are fairly sti-ong a faint 
hissing or bieathing nois(‘ is Inlaid wlnm th(‘ wavemeter is cor- 
rectly tuned. If, however, the waves are biokcn up into trains, 
each train will ho rectified, and will produce ii click at its 
comnienceinent and a click at its (iomjdetion. The loudness 
of these clicks d(*pends on the energ}^ i)\ the oscillatory circuit 
of the wavemetc]'. This will be at a maximum when the circuit 
is tuned to the exact. wav(»-length of the waves to be measured. 

Here, then, we have one nutans of measuring the length 
of continuous waves. In piactice the stream of cemtinuous 
waves may be broken up by rajudly sending dots on the key. 
The wave-length is detei mined by turning the condenser of the 
wavemeter until the clicks are heard loudest in the telephone 
receivers. 

This method, howevcT, is obviously unsuitable for accurate 
work. The stream of waves might with advantage be broken 
up ny mechanical means, so as to juoduce a buzz in the 
telephones. Or, better still, the rectified current passing 
through the ’phoneys might be split up to obtain the same 
effect. 

Whichever method ^s adopted, no accurate results can I'e 
obtained, owing to the difticidty of determining exactly the 

♦ J. Scott -Taggart, Wireless World, V., No. 55, p. 489 (Oct., 1917), also 
Electrician, LXXXIII, 10. 
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loudest point. The personal element is therefore a principal 
cause of error. • , 

is a well-known fact that the human ear finds jt far easier 
to differentiate between two note fjecpiehcies than between 
two different strengths of a note. In the second method, 
described below, the personal element consists of being able 
to tell the lowest not(^ heaid in the tele])hones, and not even a 
comparatively large personal error will practically effect the 

accufacYof the result. 

•*# 

This seciond metht^d, which is by far the more scientific 
and accurate, depends for its action upon the interference 
effect produced by a. stream of continuous oscillations super- 
imposed on an^)ther 
stream of continuous 
oscillations of a diff(;j (*nt 
frequency. The wave- 
meter used for this 
purpose is a miiuature 
and very simple form of 
val V c instrun i en t for 
receiving continuous 
w^aves. A suitable de- 
signis shown in Kig.284.* 

The anode J* of a , , 
valve is connected to 
’ the positive of a battejy 
11 of small dry cells giving a pote.utial dilhuence across its 
(uids of about lo volts. The negative side of this battery is 
connected to an inductance coil L, wliicli has in parallel with 
it a variable condenser C, calibrated in wave-lengths. The 
value of this inductance is such that with the condenser at 
zero it will oscillate at the minimum frequency desired. The 
(jondenser has a value which will enable the circuit \o be 
adjusted between ihe limits desired, say, for example, from 
GOO meters to IGOO meters. The telephones used ai e of low’ 
resistance. The retroactor coil R is aperiodic, and should 
have about the same inductance as the coil L. The coupling 
between the coil li and tho inductance Jj is comparatively 
tight, so that when connected «up ,Jhe whole system will 
oscillate, generating feeble continuous waves. This, of course, 

* For general purposes it is preferable to have H ne.vl to the tiluiiK'iit 
instead of the anode P. 



Fic. 2SL- Wave-meter usinn a retroaetor 
eoil. 


Z 
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will only happen when the retroactor coil is the right way 
round relative to the other coil. Experiment will show which 
way round the retroactor coil should be placed. 

A wave-meter with the connections given a.bove may be 
used for a variety of purposes. As it generates continuous 
waves of a frequency varying with the value of the condenser, 
it can be used as a sending wave-meter as well as a receiving 
wave-meter without making the slightest altc'iatioii whatever 
to the circuits. ‘ » 

Let us, however, for the time being, consider only its use 
as a measurer of the length of continuous waves. Suppose 
the instrument is brought up to a set which is sending out 
waves of, say, 800 metrev^i length. These Vaves will have an 
interference effect on the oscillations already taking place in 
the wave-meter. If the wave-meter is set to, say, 750 metres, 
the system will be oscillating at a freq uency of 4 00,00( ). When 
the wave-meter receives the 800-inetre continuous v’aves, 
oscillations of 375,500 frequency are set up in addition. These 
two ^ots of oscillations, superimposed upon each other, will 
produce a resultant oscillating current, with beats when 
the two sets of oscillations arc momentarily assisting one 
another. The frequency of these beats will be equal to the 
difference of the two separate frequencies, and will in the 
present case be 25,000. o * 

The valve is also acting as a detector in addition to generat- 
ing oscillations. The beats, therejore, ai*e rectified, and will 
produce in the telephone receivers a note* having a frequency 
equal to the beat frequency. This note, to be audible to the 
human ear, must be below a frequency of about 14,000.* 
It is obvious then that if tlui wave-meter be s(it to 7,50 metres 
nothing whatever will be heard in the ’phones. Only wh('n 
the \yave-meter condenser is turned round till 770 metres is 
reached will anything at all be heard in the ear pieces, and then 
only an exceptionally high note. As the wave-meter is turned 
nearer to 800 metres — i,e. as the two frequencies approach 
each other — the note in the telephones gradually gets lower 
and lower till at 800 inetnis nothing whatever is heard. • The 
two frequencies, local and superimposed, are now identical, 
and, whether in phase net, produce resultant oscillations of 
constant amplitude, and which therefore are unable to affect 
the telephones even when rectified. 

* This figure is the ultimate limit. A more prai^tical value is 3.000. 
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As the condenser of the wave-meter is gradually turned 
further round to wave-lengths higher, tliis time, than ’800 
raefcres, beats begin to be formed, and a^low not® is heard 
which gradually gets higher as the condenser is turned, until 
at about 830 metres the note gets so high that ti\p ear can no 
longer hear it. 

It is therefore seen that if the wave-meter is over 30 metres 
out on either side nothing at all will Be heard. 

Fromtthe abov(i consideration it will b(^ seen that, in order 
to measure waves of unknown length, it is only necessary to 
turn the wave-meter condenser round until a ‘‘ chirp ” is 
Inward. This “ chirp ’’ when analysed consists, as described 
above, of a high note, gradually getting lower till nothing is 
heard, and then rising from a low note to a high one again. 
The wave-meter is adjusted to the middle part, so that which- 
ever way the condenser is turned a note will be heard which 
rises higher and higher. The reading on the wave-meter will 
now give the wave-length requir(‘.d. 

It has been supposed that the condenser of the jivave- 
metcr has been (lalibrated in wave-lengths. This calibra- 
tion should not present any dilliculti(\s. An ordinary spark 
wave-meter of known acc.uracy, should be set at known 
wave-lengths. The oscillating wave- mete]* is brought near, 
and will “ heterodyne ^’#4 he damped waves. The condenser 
,is turned backwards or forwards until a buzz is lu'-ard in tlio 
telephones. The loudest part of this buzz is found, and the 
condenser is markecl at that point with the wave-length as 
given on the “spark ’ wave-meter. In a similai manner the 
whole scale is calibrated at intervals of, say, 25 metres. 

Once such a standard wavcvmeter has been (calibrated, any 
number of similar wave-met(uvs may be calibrated from it 
with very great accuracy — in fact, to within a ftew imetres. 
All that is recpiired is to bring the uncalibrated wave-rneter 
near, but not too n(*aj‘, to the standard one. Set the standard 
wave-meter to, say, GOO metres, then move the condenser of 
the uncalibrated wave-meter round until a chirp is heard. 
Adjust it more carefully to the middle of the chirp so that on 
taking the hand away nothing is heard in the telephone 
receivers. Then mark the cond^sei® with the same wave- 
length as that on the standard wave-meter. This procedure 
is repeated every 25 metres until the condenser has been 
completely calibrated. 
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It will be noticed that tlie capacity u£ the hand will eanso, 
an inaccuracy of a tmeti e or two in the wave-length denoted 
unless thu hand is taken right aw^ay. For a similar reason 
there should he no earthed objects in the vicinity of the wave- 
meters. A nietal-foil casing round tlu^ wave-meter, preferably 
earthed, will ov(Mcom(^ largely these (capacity eilc^cts. 

So far the nieasui*ement. of transmitted continuous waves 
has only been (lonsidei’eU. Jt is just as importaht to know 
the wave-length on which a distant continuous-waye station 
is sending. In order to do tliis the receiving ap])aratus, which 
is j)re-suj)j3osed to depend upon an oscillating valve for its 
action, is tuned until the distant station is heajd. The noti^ 
li‘(iquency of tlu^ r(‘-c(Mved signals may be \ ari(‘d at will, and 
for the present pui‘j)ose the a.pparatus should be tuned so that 
nothing is audible in the receivers, and yet. if the tuning be 
varicid either w^ay. tlu^ distant station will be heard. A\'hen 
this condition is obtaiiu'd the fr(‘qu(‘n(*v of the local (*scilla- 
tions genej'at(‘d by tie* valve is ecjual to the frequency of the 
inconjing weaves. If a w^ave-meter b(‘ now brought near to 
the receiving inst rument \ he f(‘(‘ble weaves emitted l)y the lattei* 
can be accuiately measured in exactly the same mannei* as 
desciibed abov(\ Tlie length of these w'av(‘s is the same as 
that of the weaves from the distant station. 

Further Notes.' -So far the measurement of continuous 
waves has been consid(ned from a mojc or less theore.tical 
l)oint of vhnv, without more than a j)assing refejence to some 
of the difficulties cncoiinteied in the piactical w^orking of an 
oscillating wav('-metei’. Thes(* ditliciilties are worthy of 
consideration and can ]j(‘ oveniome by suitable modifications 
of design based on ex]>ejimental results. 

The circuit described above, though giving excellent results, 
can profitably sim])lified without detjacting from its elli- 
ciency as a receive]’ and genejatoj* of undani])ed oscillations. 
From the first (ircuit (leproduced in Fig. 284) it is seen that, 
sustained oscillations are, produced by having a separate 
retroactor coil coupled to another coil of variable wave-length. 
This coupling is, of course, fixed and should not be altered, as 
a variation of coupling also produces a variation of wav(v 
length to a certain extent. ^ 

For practical purposes, then, it is l eally unnecessary to have 
two separately wound coils, wrhich would entail extia care in 
construction. The same piimdple may be apjjlied in a more 
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practical maimer tlian sW)wn in Fi^. 284 by using a siiigl(\coil 
woijnd with fine insulated wire and having a tapping taken 
from about half-way. Fig. 285, which itlustrates*this, also 
shows the modifications necessary to make the circuit similar 
to that given in the first diagram. The telejihctne receivers 
and anode liatteiy are still imthe anode circuit-, and the grid 
circuit consists of the lower half of the c,oil, the half-way 
tapping ^joing to the positive side of the six-volt accumulator 
and the extra lower end of the coil being connected to tlie 
grid of the vacuum tube. 

Jiy revising the circuit of Fig. 284 in this manner the 
construction of tke wave-meter becomes simpler. In the 
original circuit it was necessary to* take care that the two 
c-oils were wound c-orrcctly relative* to (^tich other, as otherwise 
there would be an ojiposing effect by the* le^action coil, and the 
system would refuse to oscillate. 

Jly using a single Voil, with a t-a])- 
pirig half-way, as show'n in Ihc 
second diagram, the general con- 
struction becomes simpler and it is 
impossible to have the (u»i!s i‘(*- 
versed. The (‘ircuit can ther(‘forc 
be connected up w'ithout j>revious 
trial, and is certain to osmilate. 

It is not iiit(‘nded to give any 
detailed jiarticulartfc regarding the j ^ — 

actual number of turns of wire, a single coil 

etc., or any such minor j)oints of 

construction. They will vary according to individual rcijuire- 
ments, and the acutal construction presents no diiliculties. 
It will not, however, be out of place to draw atti'iition to one 
or two details of general design which wdll riisult in an (‘fheient 
measurer of continuous waves. 

The retroactor coil R in Fig. 283, as in Fig. 284, is of fixed 
inductance, having a value about equal to the portion of the 
coil included in the anode circuit — i.c. the lower half. This 
retroactor coil is aperiodic^ and the oscillations which take 
plac.e in it,' when the circuit oscijlatej, are forced. One end 
of this coil is connected to the grid of the valve and the other 
end is joined to the positive side of a six-volt accumulator. 
The accumulatoi’ used need not necessarily be a six- volt 
one, but that is a suitable size. An accumulator of higher 
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voltage can be used and will require tess voltage on the anode 
to make the valve oscillate. On the other hand, the filaments 
of most v^ves at 'present in use will soon burn out if more 
than six volts are put across them. A six-volt accumulator 
is therefoi’e a suitable source of current for heating the filament 
of the valve. 

The anode circuit c;oiI — the lower coil in hXg. 285— is 
about the same size as the retrf)actor coil, and has i^^ pdralle) 
with it a variable condenser C. One side of this condenser is 
connected to the same side of the accumulator as the grid 
circuit coil. The other side of the condenser is connected to a 
pair of low resistance ’phones. The otha side of the tele- 
pliones are (‘-onnected to tlie negative side of tlie anode battery, 
the positive of which is connected directly to the anode of the 
valve. 

The telepli()ii(\s are of the low-r(\si stance type, although 
high-resistance 'phones can be succ^essfullS used. Changing 
from high-resistance ’phones to those of low resistan(‘-e causes 
an afpreciable change of wave-length, however. High- 
resistance telephones give the anode oscillatory circuit a 
slightl)' greater wave-length. To obviate this ellech on wave- 
length a small fixed condenser 1), of about •002 mfd., is 
placc'.d ac/ioss the telephone terminals.. This condenscu’ does 
not afiect tuning, but offers an easier path for oscillations 
than through the telephones, wdiich^ even wlum of the low- 
ivsistance type, possess considerable inip^»‘dance, which tends 
to prevent tin' valve oscillating. Comparison of results 
obtained with and witliout the condenser show's that the 
oscillations are ai>])recial)ly fc(‘hler without the condenser. 

* The anode battery in Fig. 285 may consist of four or five 
ordinary flash-lamp batteiies, giving a voltage of about 20 
volts. • This voltage is amjde to give fairly stiong osc-illations. 
The valvCj in fact, will easily oscillate on 10 volts, and even 
6 vMts. If 8 volts are used for lighting the filament "it will 
oscillate on about 3 volts. The battery,* how'ever, especially 
if it consists of small cells, should be of sufficient voltage to 
produce fairly strong oscillations, to allow for a drop of voltage 
after it has been used J()r spme time. There is another and 
more important reason, however, for having the oscillations 
in the wave-meter fairly strong. It has already been stated 

* The ES2 valve designed by the author for the Edison >Swan Electric 
Company and the “ S ” valve will oscillate under eertain conditions without 
an anode battery. 
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in the previoue section tlftit, in addition to^receiving continuous 
waji^es, the wave-meter also sends out waves of variable length, 
which can bg picked up on any instrumefnt designed for the 
reception of such waves. Immediately the filament current 
is switched on by means of the switch S, sustaimfd oscillations 
are set up which will continue all the time the valve is alight. 
These oscitlations set up continuous »waves of a definite length 
whicli, though incapable of travelling more than a short 
distance, arc still sufficiently strong to influence a continuous 
wave receiving instrument when brought within a few yards 
of it. 

An oscillator ^r wave-meter of even greater ease of pro- 
dncjtion is f)btaincd by (jonnecting th(^ variable condenser C 
across the whole of the inductance RL instead of across L. 
No rctroactor coil is now used. 

Without any jilteration to the circuit the wave- meter is 
also capable of being used as a measurer of received waves, 
since the valve is oscillating both for sending and receiving, 
and since the telephone l eceivers are always in circuit. •When, 
therefore, waves emitted from a transmitting station reach the 
wave-meter additional oscillations are set up in it which form 
beats with the feeble local oscillations already taking place. 

The relation betweeijjbhe strength of these lo(;al oscillations * 
and the strength of t he oscillations in the transmitting appara- 
tus has a very important bearing on the correct measurement 
of continuous waves. Let us only consider for the moment 
the case of an oscillating wave-meter similar to the one 
described being used to measure the length of waves emitted 
by a continuous wave-transmitting station of small power. 

If the wave-meter be held at some distance from lihe 
transmitter, the oscillations set up in the wave-meter by the 
transmitter will be of approximately the same strength as 
those already taking place. The amplitude of these oscilla- 
tions produced by the transmitter may be varied at will by 
moving the wave-met(!r closer to or further away from the 
transmitter aerial or earth lead. 

When the induced oscillations are stronger than the local 
oscillations much less accurate r<isultj are obtained than when 
the amplitudes are approximately equal. If the wave-meter 
be held too close to the transmitting instrument, instead of 
hearing the characteristic chirp when the wa' e-meter con- 
denser is turned round, only the very high notes are obtained. 
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and ^ between tlie two limits is a loliu; silent interval. The 
lenj^tli of this silent interval depends upon the relatjvc 
amplitudet! of the 'superimposed oscillations in the wave- 
meter. Th(^ nearer the wave-met(T is to the sending instru- 
ment the gi eater will be the disproportion in amplitude 
between the local oscillations and those from outside, and 
therefore the longer will he the silent interval.* ' 

By taking the middle of the silent interval as beinjJ the i 
correct wave-length, rough r(‘sults may bo obtained. Such 
a course, however, is very nndesii-able, particularly if the silent 
interval is comparatively long. The wave-meter should 
always be at su(‘.h a dLstance that the pi^ak of the wave 
seems very sharp, and so* that practically no silent interval 
is heard at all. This result may be obtained either by 
strengthening the local oscillations in the wave-meter, so as 
to correspond more with those emitted by the transmitter, 
or by taking the wave-ni(*t(U‘ some distance ilway. 'J'liis latter 
method is often incon v(mient, as it is desirable that the operator 
w’ho is^ivoi’kiug tli(^ transmitting set should be able to make the 
necessary adjustments to send on a certaiii wave-length, with- 
out having to go away from his iustrum(*nts. In ordej* to 
obviate such inconvenience the -wave-m el er should have an 
anode batterv of about 40 volts. It will then be found un- 
necussary to move tht^ wave-meter away fiom the set. 

In order to obtain the greatest accuracy, however, the best 
plan is to have the wave-meter and its <:.ele]>hone receivers 
at a considerable distance from the semding set. The tuning is 
sharper and no mutual effects betw(‘en wave-meter and instru- 
ment are produced. 

*Very misleading results are often obtained by having the 
wave-meter too m;ar the set or aerial. Frcupiently the funda- 
mentaf wave is too strong and produc(\s little and sometimes 
no effect in, the telephones. On the other hand, complications 
arise! owing to the w(‘-ak harmonics generated in addition to 
the fundamental waves. Tliese. harmonics frequently ])roduce 
much louder chirps than the fundamental waves when the 
wave-meter is too close to the instrument, and so may give 

* Stronf]; continuous oscillatiofiK of u frequency near to that of the 
wave-meter will actually cause the wave-meter to oscillate at tlic same 
frequency. No beats are e,onsequently ]»rcMluc;ctl, and a long silent interval 
results. To f)btain the most aeciirate results when nK^asuring waves, it is, 
perhaps, best not to adjust th(i wave-meter to the, silent interval, but to 
a fixed beat note eemparod with Ji tuning fork. 
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riso to incorrect assumptions. At a distance, thouoh, these 
hafinonics are too weak to influence the wave-metei* which will 
then only respond to the real fundamentTll waves.* It would 
he as well, perhaps, to point out that it is not sulllcient to move 
the wave-meter alom^ away. The ielephone l^ads and the 
operator wearinj^ the receivers should also be at some distance 
from the instrument. * 

Bet ]js now consider the use of the wave-meter in conjunc- 
tion with a continuous wave-i’cceiviiio' iiistniinent. The 
oscillations in both instruments are now more of the same 
order and the wave-meter may l)e biouj’ht close up to the 
receiving set witlff)ut causing complications. 

From this it. is seen that to measui'e transmitted waves, 
^h(^ anode battery of the wave-meter should b(‘, of higher 
voltage than is necessary for th(^ other uses of th(', wave-meter 
in conjunction with receiving a]>paratus. A switch may be 
used if considered d(\si]*able to give, say, (‘itluu* volts or 
15 volts from the anode battery when the w^avi^-im^ter is 
nviuired to re-ceiv(‘, or send respectively. Such an dfl*raiige- 
UKUit is, however, I’cally unnec, cssary, as an average voltage 
enables th(‘ wave-meter to be used for both purposes. 

The actual calibration of the. wave-meter, already briefly 
discussed, presents sev/'rj^l diirKuilties. The variable condenser* 
of Fig. 285 may either be calibrated in actual wave-lengths or 
in degrees. The latter method is, of course, to be jireferred, 
and when used a emd is required similar to that on an ordinary 
wave-nuiter, giving tJic w^ave-lengths wdiic.h correspond to 
the differi'iit degrees on the condeiisei’. This system allo'w^s 
of periodical checking of the accuracy of tlu^ wave-meter. 

The wave-meter is so sensit ive that the slightest changes of 
wavcvlength can be observed to witliin a few metres. The 
slightest alteration of the position of the hand will vary the 
wave-length to a measurable extent. Even the changing of 
the valve would necessitate a recalibration of the wave-meter 
if particularly great accuracy were required. For practical 
purposes, however, one or two metres make no difference and 
sufficiently accuiate results* may be obtained by the use of 
the wave-meter described. • ^ 

Another C.W. Wave-meter. — A typ(^ of wave-meter which 
has b(?cn used by the Signals Experimental Establishment 
of the British Army is reproduced in Fig. 280. This circuit 
is based on the usual principles, except that the telephones 



346 


Thermionic Vacuum .Tubes. 


are inchided in the, ^rid circuit an& detection is obtained 


by the asymmetric variations of the grid (jurrents passing 
through the telephones T. The inductance is aperiodic, while 
the grid oscillatory circuit is tuned by connecting a variable 
condenser Ci ' across L 2 . A galvanometer G reading up to 
about 500 microamperes (such as Weston galvanometer No. 
275) is also included in the grid circuit. When the switch K 
is closed, the filament of the valve lights up and a deflgcti^n of, 
about 200 microamperes is immediately registered by the 
galvanometer if the circuits are oscillating pi'operly. This 



Fig. 286. — C.W. wave-meter witli 
phones in grid circuit. 


deflection is due to the oscilla- 
tions in [^ 2^1 'being rectified by 
the Fleming valve action of the 
firid. 

The wave-meter may be used 
in a manner similar to the wav(^- 
meters previously described. 
Another method, liowever, is to 
tune the condenser Ci until the 
galvanometer reading increases 
to a maximum and then falls 


back to its normal leading as the condenser is turned further 
round. At the maximum reading tly^^ trequency of the wave- 
meter oscillations equals the frequ(nic*y of the oscillations it is 
dci^ired to measure. In Fig. 286, the acc-umulator is repre- 
sented by B, the anode battery by H, and a fixed condenser 


C 2 is connected across A and T, to by-pass the oscillations. 
The coils Lj and Lq are flat coils mounted on slabs of 
ebonite. Different slabs,* containing diffeient lengths of coils, 
may be used for different ranges of wave-huigths. 

A Buzzing C.W. Wave-meter. — An ingenious wave-meter 
is illustrated in Fig. 287. It is capable of being used as a 
transmitting wave-meterof damped as well as continuous waves. 
Its action depends t)n a phenomenon described by E. H. 
Armstrong* and by L. A. Hazeltine.f When a valve possessing 
a leaky grid condenser commences to oscillate, a negative 
charge is built up on the grid by the usual valve action. The 
grid potential will grajlualty decrease until the operating 
point approaches the l()W(‘>r bend of the anode current character- 
istic curve. Under these conditions the valve ceAses to 


♦ E. H. Armstrong, Proc. 3, p. 227. • . 

t L. A. Hazeltinc, /Voc. 6, 2, 76 (April, I917j. 



Oscillators, Wave-meters, Capacity Meters. 347 


oscillate. The negative charge now gr|i,dually leaks off the 
grid and the operating point on the anode curve rises until it 
reaches a position where self-oscillation* recommences. The 
grid potential now drops again and the process is repeated. In 
this way the vacuum tube generates groups of osdlllationswhich 
very much resemble trains of damped waves. The train 
frequency* will depend upon the aniplitude of the osdllations 
proAuc^ by the valve and on the rate at which the negative 
charge can leak off the grid condenser. 

The wave-meter is shown in Kig. 287. A double throw- 


over switch Sj .enables, in the upper position, a leaky grid 
condenser to be Connected in circuit. In the lower position, 
the switch is shorted and the device acts like the ordinary 


C.W. wave-meter of Fig. 
286. When the switch 
Si is in the upper posi- 
tion the wave-mhter will 
“ buzz ” in a manner 
similar to an ordinary 
“ spark wave-meter. 
The buzz will be heard in 
the telephones T, unless 
the lattf^r are shorted by 
the switch So. If tlie 



Fia. 287. — Buzzing oscillating 
wave -meter. 


circuit fails to buzz the filament rheostat \ii may be rejid- 
justed and the switch So changed over rapidly from “ C.\\T’ 
to ‘‘ buzzer.” Thc^ note of the buzz may be conveniently 
varied by altering the adjustment of the filament rheostat. 

A suitable value of the grid condenser ( ^has been found to be 
O'dlb mfd. and the resistance R 2 may be 200,000 ohms, l^his 
type of wave-met(u* is of great use as an external heterodyning 
oscillator. When in the buzzer position, it is a simple matter 
to tune the receiving circuits to the correct wave-lpngth since 
the buzzer can be heard on the receiver, whereas if the wave- 


meter radiated continuous waves the latter would not be 


detected except for the faint hissing noise. Once the receiv- 
ing circuit has been tuned, the operator switches Si over 
“ C.W. ” and by a slight reituni^g of Ci is able to 
heterodyne, and so recieivc, the incoming continuous waves. 
The telephones T, of course, play no part except when the 
wave-meter is used to measure waves which are being radiated 


by another set or station. 
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The j)r(\seiii aut]ior has oxtendch this principle of the 
buzzing wave -meter to all resistaii(*.e -coupled oscillator circuits 
such as th(' '' Kallirotron circuit. 

A New Capacity Measurer. — The following description of 
a new niethon of measuring capacity is taken from an original 
article by the present author in the Electrician of April 
18th, 1910, and prodiiced»in December, 1917.* * 

Most of the present methods of measuring (;|ectVical \ 
capacity, gi’adualing variabh* c-ondenseis, and perform- 
ing similar calibrations, are far from simple, or, if simple, 
are wantijig in acciu’acy and s])eed of manipulation. The 
description of an instrument which is cap&ble of rajad and 



exc(‘edingly accurate measurement of capacity, suitable for 
laboratory and conim(*rcial use, will tluii’efore be of interest. 

The arrangement, which is shown in Kig. 288, depends 
for its action on the utilisation of the phenomenon of 
beating efl’ects piodiiced by two sets of jHup(‘.rimposed con- 
tinuous oscillations of slightly diffeivnt frequencies. If two 
alternating currents of equal frequency, but out of phases, 
are superinipos(*d on a circuit, th(‘. resultant current will be 
an* altc'.rnating one ol tln^ sam(‘. fi*equen(;y as that of the 
individual currents and having an amplitude depending upon 
the dtfference of phases, tin*, minimum amplitiuh*. being 
obtained wjun the superimiiosed currents are 180 degs. out 
of jvnase. Tf, however, two alternating currents of different 
frequency b(^ superimposed on one another, the resultant 
currt*nt will not havci a constant amplitiuh^ since the phase 
relationship is continually (diangiiig. Th(‘, aTuplitude will, at 
regular intervals, increpe ^nd d(‘.crease as the two super- 
imposed cunents come in and out of jdiase with one another. 
The frequency of the incr(*ases, or “ beats,” is equal 'to the 

♦ British Uatciit Applicatien 0til2/JS (dated Juno J2/IS). This alfeio 
claims the use (»i halaneod cire.uiis for reeeption. 
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fliffeidice between the frequencies of tlie superiinjjosed alter- 
nating currents. The* same rules aj^ph" to continuous 
oscillations as to alternating (currents. Thus, Jf the fr(‘- 
quencies of .the component sets of oscilfations were 750,000 
and 780,000 n'spectively, the beat frequency would be 30,000 
p(u* s(^coiid. By k(H‘.ping the frequency of one set of oscilla- 
tions constant and varying the other set, beats of anv 
desired ttequcmcy may be obtaiiK^l, the b(‘.at frequency 
decreasing as the fr(‘qu(‘ncies of th(‘. sets of oscillations 
approach eacli other. AVhen th(\se frequ(^n(;ies an^ equal, no 
Ix^ats ar(i })roduced, the rc^sultant os(‘iIlating curient being of 
constant amplitude. 

fjot us now cTonsider the ellect; of passing these currents 
through a t(ilephone receiver*. The; judividual currents, if 
4 jassed separately t/lirough tlui receivcT, would not affect it, 
b(H*.ause of their high fre([U(mcy. Similarly, tlu^ j(\sultant 
(Tiirent, obtained by superimposing cuireuts of different 
frequency, would not affect the telepliones, sinc-e its fr(»quency 
rK‘-s between the two comj)oji(*,nt fr(‘quencics ; nor will the 
beats produce any eff(*.ct. If, howev(*r, wt< lectify th* result- 
ant current th<;re will be a unidin^ctional puls(^ of current 
through fh(^ tel(q)hon(is for each beat. These j)ulses at 
regular intcu’vals will pjuduce a buzzing note whose frequency 
will be equal to the bejjt frequency. Jf this is greater than* 
about ] 4,000 per second nothing will b(^ heard in the tele- 
phones, sinc(», the human ear is unable to resjxmd to higher 
notes than this. • 

The j)resent arraugcunent provides a circuit oscillating 
continuously at a frequency w^hich may be altered by means 
of, a vajiable condensrT ; the circuit includes a pair of tele- 
phone receivers.. ^Vnother circuit is arranged which also 
osciljates continuously at a frequency deterniin(‘d by the 
capacity of tlie condenser it is desired to test. This circuit 
sets up similar oscillations in the first circuit. »Thcre^will 
thejcfore be two su])erimposed sets of oscillations in the first 
circuit; beats will be produced which, wlum rectified, will 
give a note in tlic telephones, provided its frequency is 
within the proper limits. *Now let a standard condenser of 
known capacity be placed in tiie sicond circuit, which will 
then oscillates, say, at a frequenc}'^ of 400,000. If the variable 
condenser wliiedi controls the frequency of the oscillations in 
the first circuit be adjusted gradually a high note will be 
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heard in the telephone receivers when the frequency of the 
oscillations is about 410,000. ^ 

If the pondenser be gradually turned round further, the 
note heard will become lower and lower as the difference 
between the two separate frequencies becomes less. When 
the frequency of the first circuit is adjusted to 400,000, no 
beats are })roduccd and nothing is therefore heard in the 
telephones. This may be termed the silent pei'idd. If the 
condenser be moved slightly further the frequency oh the firsts 
circuit falls below 400,000, and a low note is heard which 
gradually gets higher and higher, as tlie condenser is turned, 
until it is no longer audible. To make a condenser of exactly 
the same (;apacity as the, standard one the silent interval is 
first obtained witli the standard condcmser. The other con- 
denser is then substituted and the variable condenser of th:‘ 
first circuit adjusted again to the silent point. The two 
silent points should exactly coincide when the two capacities 
have the same value. The minut(\st difference will be 
indicated. 

Having discussed the underlying j)rincij)l(‘.s of th(‘. arrangc^- 
ment, let us see how they may be used in practice. 

Fig. 288 shows two circuits, A and B, close to each other, 
each one being a generator of continuous oscillations. The 
circuit A includ(\s a vacuum tube with jilaiiKmt F, grid G and 
plate P. Th(' filament is heated by means of a 4-volt 
battery. In the anode circuit is mcluded an inductance 
coil Ri and an anode batter}^ Hi, of ab?)ut 20 volts. The 
negative end of this battery is comiectcd to the. filament. 
The grid circuit consists of a coil one end of which is 
connected to the grid and the other to the filament Leads 
are taken from the end of this coil to two terminals to whi(di 
the cojidenser Ci under test is connected. The coil Ri is 
coupled to the coil Li so that the whole system oscillates of 
its ,own accord. The circuit B is very similar. The coil 
' ^hich corresponds to the coil Li is, however, shunted by a 
variable condenser (h, graduated in degrees ; also the anode 
circuit contains a pair of t(*Jephone receivers. The valve of 
the B circuit, in addition to oscillhting continuously, will also 
rectify any beats whieJ. may be produced in its cin.uits. 
Fig. 224 shows the two superimposed currents, the resultant 
beats, and these beats rectified. 

To Graduate the Capacity Meter. — The instrument is not 
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suitable for measuring absolute capacity. It is therefore 
necessary first to calilfrate it by mea^)LS of standard con- 
densers. This is done in the following manner ; standard 
condenser of, say, 0*002 mfd. capacity *is connected in the 
position of Cj (of circuit A). Suppose this causes the circuit A 
to oscillate at a freqiuincy of 500,000. By* altering the 
condenser of circuit B the frequen(*.y of the oscillations in the 
B circuit \nay be altered on either iiide of 500,000. If these 
oscitlatws are of a frequency of 400,000, the beats of 100,000 
frequency, though automatically rectified, will not be audible in 
the telephones T. As the capacity of Ci ((‘-irciiit B) is gradually 
decreased, the fi'equeiicy of the oscillations in B will increase, 
and soon a very high note will be Jieard, owing to the estab- 
lishment of audible beats which are rectified by the valve. 
This high note will gradually become lower as the frequiuicy 
of B approaches the frequency of A, namely, 500,000 pei* 
second. When the frequency of B (ujuals that of A, no beats 
will be produced. An entry should then be made on a cali- 
bration chart showing the number of degrees on the variable 
condenser which are ecjuivalent to 0*002 mfd. A calfbration 
chart is preferable to actually graduating the condimsiu*. On 
still further increasing the frequency of the oscillations in B 
a note will be heard again which will rist^ higher and higher 
and finally die out. I^^veral different standard condensers* 
should be substituted for the A condenser, and in each case 
an entry should be made on the chart wh(ux the variable 
condenser is adjusted to such a position that a variation fo 
either side will cause a note to be heard in tluj telephones. 
Intermediate graduations are found by drawing a curve. 
When the instrument is calibrated it may be used for a 
variety of purposes. 

To Measure the Capacity o! a Condenser.— The condenser 
of unlcnown capai^ity is connected in place of the A condenser. 
The variable condenser is varied until a ‘‘ chirp ” is heard in 
the telephone. The middle of this “ chirp ” is found, so that 
a variation to either side would give a note in the telephones. 
The desired result will be shown by finding the capacity 
which corresponds to the nlimber of degrees on the variable 
condenser. This result will be ^exccipdingly accurate. Even 
the alteration of capacity by placing the hand near tv ill be - 
indicated by hearing a note in the telephones, since the 
balance of frequencies has been upset. This minute alteration 



352 


Thermionic Vacuum Tubes. 


of capacity be measured by re-adjusting the variable 

condcmsei* until the middle of tile “ (diirp ” was a^ain 
heard. Tljc', difl'erenee b(‘tween this reading and the previ^^us 
one would indicate the change of capacity produced by 
the hand. As this extreme sensitivenc'ss is, in a way, a 
disadvantage, it is as well, if the circuits be niount(Hl in a 
box, to enclose the case in a covering of tinfoil connected to 
earth through a special tfrminal. Jt is also as well to adjust 
the variable condense]* by means of a handle a few inc,^^es 'jong 4 

The above arraiigcunent may also be used foi* comparing 
inductances, makinn a large number of inductances all 
exactly of the same value, etc., by substituting them for the 
inductance L] of circ'uit A,, 

The Vacuum Tube as a Voltmeter. — The vacuum tube 
has on several occasions beeji used by the author as a very 
s(insitive voltmeter. It is j^articularly apjdicable to cases 
where an electrostatic voltmeter is desired. Tlie E.II.F. it is 
desired to measiiit* is connected across the grid and hlament of 
a vacuiun tube in tin* anode circuit of which is a milliammeter. 
Th(‘ opei’ating j)oint is made such that tlu^ grid cuiTcnt is 
iiitinit.esimal ; for example, by using high anode voltages 
and, if convenient, by a})plying a negative voltage to the 
grid. To all int-iuits and purj)os(\s tlie resistance' Ix'tween 
filament and grid is infinite and tlu^^ vacuum tube voltmeter 
if connected across a source of E.M.F. will not cause any 
drop of ]>ot(*ntial through absoihing some of the cinrejjt itself. 
The action of the grid is juiiely electrostatic, and th(‘, devi(‘e 
will act in a manner similar to a hypothetical voltmetc']- of 
infinite r(*sistanc(\ The voltage jiiay be ineasuied by the 
variation of anode curi'ent, the device having previously bfeji 
calibrated. Owing to the amplification by tlie valve, minute 
variations of voltage may be easily recorded. Several vacuum 
tubes in scuies inter-connected by coujiling resistances may 
be used if it is d(;sired t/O measure* very small voltages. The 
csi'cuit of Fig. 92 might l)e adapted for this purpose. 
Another advantage* of tlie arrangement is that the capacity of 
the grid is very small. 

A Method of Testing very High Insulation. — The authoi* 
has used the vacuum ti^be ac a method of testing insulation. 
If, say, a condenser is under test, it is connecited in th(^ grid 
circuit of a three-electrode vacuum tubci. A battery Is con- 
nected so that it would make the grid negative if the con- 



O.'gOILLATORS, Wa,VE-METERS, CAPACITY MeTERS. 353 

denser were shorted. TSie anode current is measured under 
these conditions, and also when the battery is out of circuit. 
If the value in the former event is mu<?h less tlian in the 
lattei a leakajjje in C is indicated by the discrepancy in the 
readings. A large discrepancy will result even i1’ the leakage 
be minute. Since the resistance of the vacuum tube between 
filament aitd grid is almost infinite, tjie grid will take up the 
voltjJge of the battery unless the insulation of the condenser 
is perfect. 
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The Vaceum Tuue in AVireless Telephony.* 

.f t 

It i.s piop(i.sed in the followinji chapter to consider the various 
circuits employing vacuum tubes for the. wireless transmission 
of speech. 

General Principles.- -It is usual in wiieless tele))hony to 
send out a steady stream of waves and to vary this str(‘am 
by means of the sound vibrations of the voice. This steady 
stream of waves (^an be obtained by means of various kinds 
of C.AV. generators, those employing A'acuum tubes liaving 
been described already, 'riie continuous stream, if received 
on air ordinary non-oscillating director, will jirodiice no 
sound whatever. If, howevi'r. the steady stream be modu- 
lated or varied by means of a microjthone so connected in 
the transmitter circuit as to vary the amplitude of the con- 
tinuous waves w'hen the microphone is spoken into, the rectified 
signals at the receiving station will cbiisist of a varying direct 
current. Those variations will actuate a telephone n'ceiver 
aad produce sound waves of exatilly the same nature as those 
produced by the sjieaker at. the transmitting station. The 
action is .somewhat analogous to that of a simjde tch'jiJione 
circuit comsisting of a microphone, a battery, and a telejihonc 
receiver in series. A steady current flows from the battery 
through the microphone and through the telejifioue receiv(!r. 
This (heady cuirent produces normally no effect on t.he 
tiilcphone rei^cuvcr. If. however, the microphone be sjiok'cn 
into', its resistance will be vai'ied and the steady (nirrent in the 
circuit w'ill vary in strength, producing a sound in the receiver 
corresponding to the* original speech. 

In wireless telejihony, a steady stream of waves (usually 
termed the carrier mive) is usually modulated by means of a 
microphone, the audio-flequency variations generally occurring 
at rates from KK) to 2,(l(K) per second, the average frequency 

* A review of modern methods of radio telephony is given by the author 
at length in Wireless Age, Jan. 1921, r/ seg. Also in Electrician oi »Scpt. 10/20. 

m 
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(sometimes termed theimeaw, speech frequency) beinfj; about 
k)0 to ] ,000 per secjond. Two general methods of modulation 
are used at j)resent ; either the amplitude of the continuous 
waves is varied by the microphone, or the wave-length is 
altered. If the receiving station is tuned t(T the (carrier 
wave any variations of the wave-length of the latter will 
j)roduce mistuning and consequently a decrease of res])onse 
in tJie receiver (hqwmding on the degree of the variation. 
Sometimes- both wave-length and amplitude modulation occur 
at the same time. 

Some of the methods of modulating the continuous stream 
of waves are : — • 

(1) Connecting n microphone (firectly in the earth lead 
of a C.VV. transmitter. 

* ("J) tJoiipliiig a microphone circuit to one of tli(‘ oscillatory 

circuitftof a (\AV. transmitter. 

(3) Varying the output of a (\W. transmitting vacuum 

tube by using a microphcuie to vary the grid potential. 

(4) Use of an additional grid whose potential is vaffed by 

means of a microphone. 

(5) Variation of the anode*, voltage or anode (uirrent of an 

oscillating transmitting tube by means of a micro- 
])hone. 

(()) Varying the output of an amplifying valve coupled to 
the*, aerial. The grid cheuit is separately excitgd 
by a soinw of high frc'.quency enrrent and a micro- 
phone arrangeiYient affects the output of the amj)lifier 
valve in one way or another. 

(7) (.'ausing u. microphone to vary the resistance of an 

** energy absorbing conductor connected across flie 

aerifil circuit or across a ciiouit coupled to the aerial 
crrcuit. 

(8) The microplione is made to limit the oscillations in the 

grid circuit of an oscillator. 

(ff) The mici’ophone varies the retroaction of an oscillating 
valve. 

Simple Wireless Telephone. — Fig. 289 shows a simple 
continuous wave transmitter in .whic^h a microphone M is 
conne(^ted dircictly in the earth circuit. The varying resist- 
ance of •the microphone alters the amplitude of the emitted 
waves. A switch K is provided. On closing K, the system 
oscillates and radiates a steady stream of continuous waves. 
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Fig. 290 shows, in the top line, tb^ steady stream, while 
the second line shows an example of how the wave-form is 
altered when speakiilg into the microphone. In connection 
with the modulation produced by the human' voice, the 
oscillographs taken by W. Duddcll and illustrated in Fig. 291, 
will be of interest. This figure shows the wave forms of 
different sounds. , * 

The circuit of Fig. 289 may be modified by coupHng’ an 
oscillatory circuit which includes a microphone to the In- 
ductance L or other inductance in the aerial circuit. These 



Fig. 289. — Simple wireless tele- Fig. 290. — High -frequency oscillations modu- 

phone with microphone in lated by audio frequency variations, 

earth lead. 


various methods do not appear to have found peimanent 
favour, and many circuits now have for their object the 
variatiSn of the output of a transmitting tube. 

Beceivii)g Wireless Speech. — Wireless speech may be 
• received with an ordinary crystal detector receiving circuit 
or non-oscillating valve circuit. The various detector- 
amplifier circuits are all capable of receiving wireless speech, 
but do not respond to the continuous carrier wave. Hetero- 
dyne circuits may also be cnjployed, but this time the carrier 
wave is heard and gives a steady note whose pitch may be 
varied by altering the frequency of the local oscillations. 
It is then usual to make the local frequency equal to the 
frequency of the carrier wave, so that no beat note is produced, 
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although speech will J)e heard since the amplitude of the 
incoming oscillations varies. Circuits Employing this system 
of reception, have been largely employed by #he Western 
Electric Company (U.S.A.). The present author is inclined 



“Coo’* 


“Coo” 

(with over-tone) 


‘No’ 


“Me” 


‘Ma” 


‘See’ 


Fig. 291. — Wave-forma of certain speech soiiiida. 

to prefer simple rectification without local oscillations or 
retroactive amplification, except in special cases. 

Bound’s Wireless Telephone.— In^British Patent 13248/14 
(May 29/14), Marconi’s W^ireless Telegraph Co. and H. J. 
Round* describe a wireless telephone circuit which is repro- 
duced in Fig. 292. The action of the circuit appears to 
be as follows : The high-potential dynamo H supplies a 
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positive voltage to the anodes of (both valves. The first 
tube acts as an osc‘illat()r for generating (jontinuous oscilla- 
tions in the usual Tvay. An interni(^diary circuit, consisting 
of two inductances, a condenser and a microphone M, is 
coupled to the oscillator. The amplitude of the oscillations 
in this intermediary cinmit is varied by the microphone. The 
modulated high-frequency oscillations are now induced into 
the grid circuit of the second vacuum tube* and amplified by 
it. The magnified oscillations in the anode oscillatoiV circuit » 
are now passcnl on to the aerial circuit and l adiated. Re- 
sistances shunted by condensers were as usual connected in 
the anode circuits and made the action of, the valves, which 



* Fjg. — Jidiirid’H wirt-lfss IclrpLoiio, J914. 

were not hard, more regular. Grid circuit resistances asso- 
ciated with batteries were also employed. 

^ The microphone, it is to be noticed, does not handle, the 
whole of the aerial current but ojily the oscillatory current 
prodq,ced by the left-hand valve, which is sometimes called 
the nuister oscillator. This is important b(*.cause microphones 
ar^not smtable for (;arrying heavy currents. The microphone 
modulates the high-frequency current before it is amplific^d 
by the other tube. 

Grid Potential Modulation. — Fig. 293 shows an oscil- 
lating circuit in which the mo*dulator consists of a micro- 
phone connected indii:?ctlf in tlui grid (circuit. A step-up 
transformer TiT 2 is connected as shown. In the primary 
circuit is included a microphone M and a small battrery B 2 .* 

* 4 or f) volts is suitable for nii(Toj)lione use. 
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When M is spoken into, magnified current variations are induced 
into the winding T 2 and the pot(‘ntials*aro impressed on the 
gtid G of the vacuum tube. The varyjng potentials on the 
grid modulate the high-frequency oscillations produced by 
the valve. It has been previously pointed, out that the 
oscillatory energy of a generating valve depends on its grid 
potential, The best results are obtained when the grid base- 
lin® or normal operating potential*is half-way along the grid- 
potential -anode-current curv(L If the grid base-line poten- 


tial be increased so that 
the normal operating 
f)()int is move(^ towards 
saturation the output of 
the valve will gj'adiially 
•fall until the valvci sud- 
denly stops , oscillating. 
Likewise, the amplitude 
of the oscillations de- 
creases as the grid poten- 
tial becomes more nega- 
tive. In the Fig. 291 
circuit, tlie microplionic 
potentials vary the grid 
base-line f)otential kXid 
thus the output of the 



M m 

Fic — Wiirk'ss tcU*])Iio!u' oiuployiii}^ 

grid potiMit lal modulation. 


valve. The system is not ^ 

very good and i{s action is critical. The valve is liable to 
stop oscillating. The blocking condenser acts as a by- 
path for the H.F. current. The modidated oscillations are 
inductKl into the aerial circuit. The anode circuit coujd, if 


desired, form part of the aerial circuit. 

The circuit may be modified in many ways. Tlu^ winding 
T 2 might be connected across the condenser C^. Other 
modifications are possible and may be arranged* by a jellying 
this method of modulation to the C. W. transmittei’s of Chaptei* 


Western Electric CJompany - Colpitts System. — The 

Western Electric Company and E. H. Colpitts have developed 
several wireless telephone cireftits. • A 1914 type is shown in 
Fig. ^94. The anode oscillatory circuit consists of the anode, 
C 2 , L 3 , L 2 connected across an impedance Z, which allows the 
{lassage of the D.C. anode current but not the II. F. oscillations. 
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This form of separating the H.F. andjP.C. eomponcnts of the 
anode current is alieady familiar to the reader. The grid 
.oscillatory circuit is similarly connected across an imp^jd- 
ance T 2 which is also the output winding of a simple modulator 
circuit. The^coil L 3 is coupled to L 4 and the whole system 
oscillates of its own accord, the oscillations being passed on 
to the aerial circ^uit through the coupling between 
By speaking into the micrfjphone M potential vai iations appear 
at the ends of T^ and are impressed on the grid of the Vacuum > 
tube, thereby modifying the oscillations. The (m*(iuit, how^- 
ever, acts, 'no doubt, in another way. The low-frecjuency 
microphonic potentials impressed on (I produce magnified 
surges in Z wdiich increase or decrease the anode voltage on 
V, SiiK^e the output of an oscillating tube is directly propor- 



tional to th(* anode voltage, it is easy to understand that 
the modulation may be attributed to this ('fleet. This circuit 
is described in British Patent 141047 (May 18 14), applied for 
by Western Electric Co. 

This general class of circuit has not proved altogether 
satisfaejiory as the variations of grid potential due to tlie 
microphone are liable to stop the circuits oscillating. 

L{itour^s*Wireless Telephone (Sreuits - A ciremit is described 
•by Marius Latour in British Patent 132118 (Nov. 30K)). 
This arrangement in one form ajijix^ars similar to Eig. 294. 
In another the impedance or choke Z is in series with the D.C. 
anode circuit. The microphone tih-nsformer is also in scries 
with the grid oscillator ckcuitt 

De Forest Radio Telephone. — Fig. 295 shows a^ very 
simple wireless telephone designed by Lee de Forest and 
described in British Patent 101415 (Sept. 4/15). The 
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circuit shown h^s be^ redrawn from the specification to 
demonstrate its action more clearly. As usual in de Forest 
’ circuits, the oscillatory circuit L 2 ^^i ^ conne<?ted across 
grid and plate of an “ osciUion ’’ or transmitting tube. 
A stopping condenser C /2 prevents the gi*id lacing affected 
by the voltage supplied by dynamo II. An impedance Z 
is includejl in the anode circuit as usual. A resistance R 
is C 4 )nnectcd between grid and iilarmuit and has a value of 
from 2it to 100 ohms. This a(5ts as a leakage path and its 
(*.onductivity determines to a large degree the energy of the 
oscillaticms set up by the “ oscillion.” For example, while 
the high-frequ(iiiify current induced in the aerial circuit 


may be of, say, two or three amperes, the leakage 
through the resistancic R 
f^ill be only a few milli- 

arnperes. Cons^Mpiently a 

voice controlled, device, 1 

such as a microphone, sbcj c,= j 

may be inserted in such a | < 

leakage path and carry — t g j 

only small currents yet by I ^ uTu ^ 
suitable changes in its re- I r 

sistance produce juopor- I 

tional changes, but -df ^ 

many times the intensity, ,, v i”r. 

in tJie high-frequency cur- teU phonr circuit, 

rent in the aerial circuit. 


current 


In Fig. 2 of the above specilication, a modification is 
shown in which ^he secondary coil of a telephone transformer 
is placed across the resistance R. • 

A valve may be (joimected in series with the grid of a 
wireless telejdione transmitter. The valve is so connects! that 
an electron current would flow from the grid of the oscillating 
valve to the filament of the modulator valve, theiuHi to»the 


plate of the modulator and so to the filament of the generating 
tube. The microphone transformer secondary is connected 
across grid and filament of the modulator tube. Cii’cuits on 
these lines are described in*Beauvais’ flritish Patent 131018 


(Dec. U/17). • • 

In .(Jritish Patent 107001 (May 23 16), L. de Forest and 
C. V. Logwood describe systems for wireless telephony. One 
olthe circuits given is reproduced in Fig. 29G. The microphone 
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is represented by M. Tb(^ inv^mtor states that it is 
an advantaue to coiineet the condenser C4, or an inductance 
shown iri* dotted dines at L*>, aci’oss the inicrophonci M, as 
clearer articulation is obtained at the receiving ‘station. 

General • Electric Company Circuits. — In British Patent 
11708/14 (Oct. 16/13). Schiesslor siia^ested the use ol* a two- 
electrode tube (‘ontainina rarified aas as a leiikaae path 
across the aerial inductance or other suitable power tVTuuit. 
The energy deflected tlinnigh this valve*, was td bt*. con^ 
^trolled by an exti^rnal magnetic field operat-ed by a micro- 
phone. By diverting energy from the aerial, modulation 
could be effected. The use of a three-el gretrode valve loi* a 
like purpose has been ‘suggested by the O.E.O. (U.S.A.). 
Fig. 297 shows a circuit bv the O.K.fk (U.S.A.) and August 
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Fkj. 21)0. — Another do Forest n ireless tele])hoiie eircnil. • 

Hund described in British Pate, tit 21388/14 (Oct. 22 14). A 
generator A of continuous oscillations sets up the oscillations 
in the aerial ciicuit. Th(* generator may ^ronsist of an arc., 
Iwgh -frequency machim*, or vacuum tube generator. ' It will be 
understood that any of these generatois may be used wlnm- 
everrfi H.F. generatoj- is shown in a diagi am. A vacuum tube 
V has two separate plat es P| and Po. grids 0] and Oo, and a 
filament "F. A largt^ jmrt. Lj of tin*, aerial indnetauee is coti- 
nected across the two jilates P^ and Po. The middle })oint J of 
the inductance L] is eonniK-ted to the filament F. A secondary 
winding of a microjihom*. transform(;r TjTo and a potentio- 
metei* arrangement BB.*, are conm^cted aci'oss the filam(‘iit 
F and the grids, whi(;fil aif*. connected together. Now, when 
oscillations are taking place in the aerial, the two endji ot Li — 
and therefore the two })lates P^ and P2 — are of opposite ))olarity 
relative to the middle point of L|, which is connected to the 
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filament b\ ('Ouscnjuii^tly the plates are alternately positive 
and negative and an electron current wftuld normally flow to 
the two plates in turn, the leakage thus tending to damp 
out the acrirfl enrrent. If, however, we give the grid a negative 
voltage by mtians of the j)otentiometer BR 3 w*^ can prevent 
the flow of electrons to the anode, or limit it as required. When 
the micro^phone M is spoken into, the varying potentials of 
the 4 »i‘ids varies the (^lecti’on flow frorn filament to the operative 
anode, And therefoi e the amount of leakage of aerial current. 
Tlie amplitude of the oscillations in the aerial circuit is thus 
varied. The lesistances K, and R.> are includ(^d in the anoSe 



circuits.* It will be seen that tlK'. valve V will dissipate a 
great d(uil of energy which would have been radiated front the 
aerial. Energy from the top half of Lj will be absorbed during 
one lialf cycle of aeiial curnnt, and energy from tlft^ lower 
half during tin' other half-cycle. , 

Thus energ}’ is absorbed during both half-cy(des. * 
Som(^ general remarks on absor])tion systems may be 
useful here, although the development has not ni^cessarily been 
due only to the G.E.(\ • 

Sometim(*s th(^ absorbing ciiyuit js coupled to the antenna 
circuit. Energy is in some arrangements continually being 
dissipAtc^d in the anodes of the modulation valve. The 

♦ These iniprov^c* articulation. MMic diverted energy is also largely 
dissipated in Hi and K^. 
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amount dissipated varies with th^ microphone potentials 
on the grid or grids. * Dissipation systems by absorbing energy 
from the aiitciima aiic very wasteful but good speech is obtaiiied'. 
The wave-length changes slightly while speech is proceeding. 
This is because the frequency of an oscillatory circuit with a 
resistance (in this case the absorption valve) across it depends 
somewhat on the value of that resistance. ,, 

In British Patent (May IT/IT)) the Cr.E.C. sIkjw an 

absorption sclieme in which only one ordinary valve*is used. » 
Fig. 298 shows the generator A of ccnitinuous waves included 

in the aerial circuit. The 
V s(^con(^ary of a radio 

frequency transformer 
Li1j 2 IK connected across 
th(^ anode P and lilameilt 
F of a .vacuum tube V. 
The (current in the aerial 
will depend on the cur- 
^ I rent absoibed from the 

secondary circuit L2. 
This latter (nirrent de- 
Fj(J. 208 - Anotlior form of U.K.f!. uircl(?ss peilds on the COIlduC- 

^ vacUUm 

value as an absorbing device across a , • 1 • -i • 

circuit eoujiled to the aerial circuit. tube Wnicn is made to 

vary by causing micro- ■ 

ghonio potentials to influence the grid It is to be noted 
in this particular (lircuit that the valve is only conductive to 
those half-oscillations which make the anode P positive. It 
is these half-cycles which will be modulated.* 

•Fig. 299 shows an arrangement in which the H.F. generator 
A is included in an intermediate circuit coupled to the aerial 
circuit by L1L2 and to the variable vacuum tube resistance 
through L3L4 whic.h is preferably so designed as to give a 
conqiaratively large secondary voltage. l\vo vacuum tubes 
Vi and V2 are so arranged that the oscillating current "from 
the secondary L4 passes alternately through the conducting 
path from filament to anode of each valve. A microphone 
M and microphone transformers TJT2 and T3T4 are so arranged 
that whichever tube is*in Ase as a shunting resistance the 
value of its conductivity is varied by means of potenj’ials on 

* Jj. Forest in British Patent J 49272 (May 10/15) describes a similar 
circuit with a fixed anode voltage. 
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its grid caused by'spcaljing into M. The current in L 4 will 
consequently vary and so the energy radiated from the aerial 
wilf be modulated. Grid batteries B 3 arid B 4 ar<? as usual 
connected in the grid circuits in order that the most suitable 
normal potential may be given to the giids. » 


Fjo. 299. — Full -wave absorption circmit. 

Fig. 300 shows the arrang(unent of Fig. 299 modified. We 
arc now using a single vacuum tube containing two grids G] 
and G 2 . and two anodes Pj and P 2 . and one filament F.* A 
middle tapping Jj is tak"cli from the secondary winding L 4 to 


Fig. 800. — A special valve in a circuit used bv G E C. (U S.A.) 
for absorbing both half cycles. 

the filament, while the ends^ are connected to the two* plates 
Pi and P 2 . This arrangement allows the oscillating current 
to pass through the tube by the fwo ^aths alternately. One 
single microphone transformer M is used, a half-way tapping J 2 
on its secondary winding being connected to the filament, the 
♦ No means of heating F is shown. 
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two ends being joined to the two gr^s* ^-I’he action of this 
circuit is similar to that of the previous one. The circuit may, ^ 
of course, modifiwl by amplifying the mierophonic currents 
before impressing their E.M.F.’s on the grids 'Oj and G 2 . 
Additional g»'ids and G 4 are sometimes used, and by 
giving them a positive potential by means of the battery Bi 
the electron current is j^re<atly augmc'iited and makes high 
plate voltages unnecessary. Negative potcaitials could' be 
applied if desired. 

_ A G.E.C. Modulator. — Ki^. 301 shows another scheme 



Fzg. 301. — A («.E,('. tcK-plKuic Uhin^i j)ro;^rc'.ssi\ cly al)S<)ii>in^ 

' VcH'Ullin tulKS. 


devised by the G.E.G. and described by the British Thonison- 
Houston Company, Ltd. (tludr agents in Grcait Jhitain) in 
liritish Patent 102700 (Oct. 19/15). Tin* main earner wave 
is supplied by the high-frequency generator A. Th(i modu- 
lating device consists of a number of vacuum tubes Vi, V 2 , 
V 3 , V 4 , which are mad^’to as conductors and so pro- 
vide a leakage path for the high-frequency current. Energy 
from the closed circuit L 3 U 2 will be absorbed by the tubes and 
this withd^-awal of energy will modify the current in the aerial. 
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The conductivity of thc^ tubes Vj, V2, V3, V4 is varied by 
potentials su})plied by a microphone M through a transformer 
^1^2 grids (311, CJo. et<*.. Normally^ we mi^t expect 

several tubes 'to be c(nmected in parallel in order to control 
greater energy, in which case the amount of eaergy which 
could be controlled would vary directly with the number of 
tubes used. . The (t.E.C.. however, present an arrangement in 
which the amount of enej'gy which (‘-aii 1)0 controlled will vary 
substantially as the square of the number of vacuum tubes used. 

Let it be assumed that the grid G| of tube Vi is given ^ 
jiegative 2>f>tential by the ))att(ir3" H sucli that little or no 
current will flow ^ihrough the tube when the H.F. potential 
supj)lied by circuit is ap])liecl to the anodes Po. 

The negative potential of the grids of the tnbeis Vj, V2. V3, V4. 
with i“(\spect to theii' filanumts, wull be progress! ve^lv gi*eater. 
If now a curient* wave is produced in the transformer T1T2, 
caused bv speaking into M, of such a direction as to overcome 
the negative potential of the grid Cli of Vi, current wdll begui 
to flow lii'st through the tube V| and wull gradually increase 
to a maximum value'. If the potential of the current wave is 
great, enough, it will giaduallv overcome the negative potential 
of all the grids and cuiTC'iit will begin to flow successively in 
the tubes Vo, Y3. and V^. The tubes may be so designed and 
the potentials t.() tlu' grirfs so chosen that when the current 
‘in tube \ j i‘(‘aches its maximum, current wdl begin to flow in 
tJie t ube Vo. and wliyn the current in Vo l eaches its maximun:# 
current will b(\iiin to flow in V3, and so on. 

As shown in the figui'c, resistances Rj, Ho, etc., shunted by 
(iondcnsers Cj, etc., are included in the plate circuits of the 
vacAum l?\d)es. When current tirst begins to flow in the vacuian 
tube cii’cuit tin* gj’eatc'i* part of the drop in pote'iitial will o(;cur 
in the- vacuum t-ulx^ itself and lienee the tube will be called 
iqx)!! to absorb most of the energy of the secondary circuit. 
As the current increast's, however, the dro]) through the 
resistiincc Rj will increase and th(' j)i()portionate amount 
of energy absoibed by the tube will decrease. The maximum 
energy which the tube will bf required to absorb will be when 
the current has i-(‘.ached one-half of its maximum value and the 
tube is consuming one-half of the voltige. AVhen the current 
n^aches its maximum value in the tube, the amount of energy 
which the tube wdll be required to absorb will be practically 
negligible, the principal drop being in the resistance. 
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Suppose now it is desired to coivtrol a" maximum of 160 
kilowatts of energy; which is represented by 8 amperes at 
20,000 volts. If we^use four tubes as indicated in the drawing, 
each tube wijl be called upon to take 2 amperes! The maxi- 
mum amounb of energ^^ which any one tube will be called upon 
to absorb will be 1 ampere at 10,000 volts or 10 kilowatts. The 
change from minimum to maximum in each tube^ however, 
will occur in one quarter of the time required in the. case 
where a single tub(‘. was used. Henc;e the average/ amount* 
of energy absorbed will be only one quarter of 10, or 2*5, 
kilowatts. Thus ii< will be seen that four tubes of the same 
capacity will be able to control IG times as much energy as 
the single tube. 

In the type of tube shown there is an apjneciable capacity 
between the anodes. This results in considerable currenr- 
flowing through the tube between the aiiodc'^s ^vhen the system 
is not being used for transmitting signals. As a resiJt a 
large amount of energy is needlessly wasted in the resistance 
Ri, R^ etc. In ordei* to avoid this it may be desirable to 
shunt each of these iesistanc(\s by a condcMiser Cj. This will 
cut down the H.F. alternating current, but will not interfere 
with the unidircic.tional flow of current through iiui tube . 
between the cathode* and anodes. In order to prevent the 
grids Gi, G 2 n etc., from consuming*' an unnecessary amount 
of current when they become highly positive, resistances 
may be connected in series with them. 

Marconi 15-K.W. Wireless Telephone.* —TAc Wireless 
World- has described a 15 K.W. wireless t(*lephone used 
by Marconi's AVirehjss Telegraph Company. The diagram 
of ijonnections is shown in Fig. 301. The source of po\»er 
is a 200 cycle, 500 volt, 15 K.W. alternator, which fec^ds 
a step up transformer. The condenser Ki is charged to 
about 10,000 volts by the full-wave rectification obtained 
witlf the Wo valves. The anod(^ oscullatory circuit is 
coupled to the direct anode circuit by means of a condenser. 
The grid oscillatory circuit R is aperiodic.. 

The* anode oscillatory circuit is coupled to the separate 
aerial circuit Ijj, It is to be noticed that no ripple eliminatoi’ 
is used. A hum is cRnsequently heard at the receiving 
station when sj)eech is not being transmitted. 

* Leo lie Forest has also proiluccd somewhat similar arrangements. 
See British Patent J 49272 (May J0/J5). 
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This principle t)f absorption has been largely used by the 
6.E.C. (U.'S.A.). The modulating circuits are shown to the 
left of the figure. A microphone impresses potentials on 
the grid of an amplifying valve. A second valve amplifies the 
speech potentials still further, and they are than applied to 
the grid of a third valve, wliich acts as a conductor in shunt 
with the aerial inductance Li. The amount of energy 
absorbed by this valve will depend* on its conductivity, and 
this varifes according to the potentials applied to its grid. 
In this manner, speech in the microphone will produce propoj;- 
tional variations in the aerial current. The anode voltage 
for the amplifyin<j tubes is obtained from the reservoir con- 
denser Ki. All the filaments of the* various valves are heated 
by alternating current. 



Although single valves are shown in the figure, yet in 
practice several valves may be connected in parallel to replace 
onCi^valvij where shown in the circuit. The first amplifying 
valve consisted of one MT4 valve ; the second stage two MT4 
valves ; the third of thiee MT2 valves ; the oscillators con- 
sisted of six MT2 valves ; the rectifiers each consisted of two 
MR2 valves. * ^ 

A fortnight’s test with this 15 K.W. set in March, 1920, 
resulted in a telephonic range of about 1,000 miles, using 
ordinary wireless telegraphy receivers. • 

Another Form of Absorption Circuit. — In British Patent 
131553 (March 6/19) theG.E.C. sho^ another form of absorption 
telephone circuit. When unravelled, the arrangement is very 
similar to Fig. 303. The vacuum tube V4 and its associated 
circuits is simply a source of high-frequency continuous 

2 B 
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oscillations which are induced into the^oil Lj. The impedances 
Z 3 and Z 4 are radio-frequency chokes. The high-frequency 
potentials •'across sui adjustable portion of L 2 are commimi- 
cated through Co and the choke Zq to the grid Gi of an ampli- 
fying vacuum tube V 1 . The grid G 1 is given a suitabh^ negative 
potential by 13] through the impedance Z 2 . The direct cuiTent 
in the anode circuit of Vi is su|)plied by D througljf the radio- 
frequency choke Z]. The amplified H.F. current is deve)pp(;d 
in the antenna circuit. The oscillatory circuit i^ thus in 
parallel with the D.C. circuit. The energy in the aerial circuit 
will depend on the ani})litude of the oscillating potentials 
applied to the grid Gj of the power amplifier, These potentials 
are damped by the valve V 3 . A simple amplifier circuit 
enables the microphone M to vary the conductivity of V 3 



Fig. 303.- -A (J.E.C-. wiiviesh li‘lci)lKnir. 

by altering its grid potential. In this maimer the microphone 
controls the amount of energy absorbed from the input side 
of Vi and thus modulates the H.F. output of V]. 

, In British Patent 7367/15 (May 17 15), the General Electric 
Company describe a circuit which is reproduced in Fig. 304. 
The vacuum tube Yj acts as a generator in the ordinary way. 
Retroaction between Lo and L 3 sets up continuous oscillations 
in L 2 which arc transferred to the aerial circuit L^. The battery 
Bi is for varying the normal potential of the grid Gi.^ Nor- 
mally there is not a laige grid curient and there is littk) 
damping of the oscillations in L 3 C] due to sucii a current. Jf, 
however, we were to connect a lesistance across the grid 
oscillatory circuit the^danfping of the oscillations would be 
great and the amplitude of the waves emitted would be 
decreased. The three-electrode tube V 2 of Fig. 304 acts as 
the resistance, and the value of this resistance is varied by 
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speakinjy into thtf niicryphone M. A plain resistance is not 
used but the conductin<j; path between thtj filament F 2 and the 
•aribde P 2 . Now the rcvsistance of the conductive pafth between 
F 2 and P 2 may be varied by altering the potential of the 
grid 62 . When this grid is sulliciently negative^ no electrons 
can pass to the anode, and the resistance across the grid oscil- 
latory (iirc^it of the first tube is infinite and no damping occurs. 
If, l|pwev(^r, the grid (I 2 has a poteiltial sufficicmt to allow an 
electron^ (uirrent to flow, tlui shunt resistance path across 
the grid oscillatory cii’cuit will have a valiui dejxmding on thci 
pot(iutial of Go. Conse(|uently variations of th(». jiotential 
of G 2 produced j)y the mic.ro[)hone tra?isfonner 'fiT 2 



Fid. MU . — A (JeiKMul Fk-ctnc (Wipariy (U.S.A.) cirnii it employing 
nil ftli.soi’iilion three-eleotrodo 

vary the damping of the oscillations in and so vary the 
amplitude of the emitted waves. 

>lt is*f.o be noted that the frequency of the oscillations, in 
the grid oscillatory cinniit depends to a certain (extent on the 
resistance across it. Since this resistance is continually 
varying when speech is tK^ing transmitted, the wave-length of 
the waves emitted will also vary and is liable to iinpair*the 
purity of the speech received. In order to prevent this, it 
may be found desirable to employ a resistance R in the 
position shown. This l esistance also lessens distortioi? and a 
portion of the diverteni energy through V 2 is dissipated in R. 

Other Absorption Circuits. — lit BiAish Patent 144803, the 
G.E.C. ^U.S.A.) describe another full-wave absorption scheme 
which resembles closely the arrangement of Fig. *207. 

In British Patent’ 15448 (Nov. 2 15), the G.E.C. show 


372 


Thermionic Vacuum Tubes. 


interesting circuits in which the i\laments are heated by 
alternating currents,* the connections to the filaments being 
made at the middle point of the secondary windings of the* 
transformers which sup})ly current to heat the filaments. One 
of the circuits (Pig. 305) shows thi*, use of an absorbing 



Fig?' 3(»5. — An absori)lion circuit with an oscillation circuit acjoss 
grid and filament. 


three-(‘lecti‘()de tube. Across grid and filament is a condenser 


Cj and inductaiK^e in series. These are to prt^vent the 
fluctuating high anode jioientials •having an electrostatic 
effect on the grid jiotentials. 

Valve Conductor Systems. — A modulation system which 
gives suitable results consists in utilising a three-electrode 



valve as a conductor 
through which high-fre- 
quency currents pass and 
excite an aerial circuit. 
The current jiassed by the 
valve is varied by mi(;ro- 
phonic potentials on the 
grid. One form of such 
circuit (taken from British 
Patent 14769/15 (Oct. 


Fig. 300. — A thrcc-clcctiodc luhc used 1 9, 15) is shown in Fig. 30G. 

The eiierfry in U depends 
on the degree to which the 
valve V will conduct the current supplied by the H.JF. generator 


A. This conductivity dcjiends on the potential of 0. In this 
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mauncr the microphouOfis capable of modulating the output 
from the aerial. It would appear that tte losses in V (which 
IS usually of high resistance) would minimise the vilue of this 
arrangement.* Others have suggested the use of two valves 
to conduct both half-cycles of high-frequency cufrent, 

A Western Electric System o! Modulation. — A novel 


system of •modulation devised by the Western Electric Com- 
pan)> (U.S.A.) consists in applying modulated high-frequency 
|)otentials to. the grid of an impedance valve connected in the 
C. W. generator c irc.u it. ^ , 

Eig. 307 may help to explain the arrangement. A high- 


free juency gcneratiir 
through two valve 
impedances Vi and 
V 2 which are con- 
nected in a reuerse 
manner so that both 
half-cycles f)ass 
through one or other 
of the tubes. 

The power radi- 
ated will depend on 
the conductivity of 
the valves Vj and 
V 2 , and this conduc- 
tivity may be varieej 
by applying poten- 
tials to the grids Gi 



and G 2 . The poten- 
tialtJ applied to Gi 
and Go might be 
the ordinarv low-fre- 


Eio. 307, — To demonstrate the princdplo of a 
method of modulation devised by the Westefn 
Electric Com pany ( U. »S. A. ). 


cj[uency potentiiils supplied by a microphonic transformer, but 
in this system of modulation, the Western Electric Company 
prefer to apply high-frequency oscillating potentials to the 
grids. The phase and frequency of the potentials on the 
grids is made to (ioineide with the frequency of the oscillations 
supplied by Ai. The resultant current through L 2 will still 
be of sine form, but if the potentialfcf applied to G^ and G 2 
be modulated, as, for example, by a microphone, the current 
in L 2 will be also duly modulated. In Eig. 307 the induc- 
tances La aud L 4 transfer the modulated potentials of L 5 
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to the grids Gi and Gg. The source Ai^ supplies high-frequency 
current having a frequency equal to that supplied by Ai. 
This current is modulated b}" M. The inductances L3 and L4 
are so cou})led that no matter which valve is operating, its 
resistance wfll be varied in accordance with th(^ modulations 


produced by M. 
could replace A2. 
In Kig. 308 


It is obvious that the same generator Ai 


W(‘ see Fig. 1 of 



Fig. 308. — ^W^estcni Elcc;tric S 3 'stc*iii 
niodiilated H.F. on gridh. 


acnjss 


British Patent 132058 
(Sept. 14 18), which 
describes the com- 
plete system of 
modulation in its 
practical form. 
One main genera- 
tor A is employecl. 
The windings Lg 
and L7 correspond 
t-o the inductances 
L3 and L4 and both 
receive energy in- 
duced by the in- 
du(‘tance Lr„ which 
is included in a 
microphone circuit 
Lr., Co, i)ortion of ‘ 
K, L4/ M, the 
inicrophone being 
re})resented by M. 
The micjophone 
ciiciiit re(Jeive^‘thc 
high-frequency cui- 
rent to be modu- 
lated from a circuit 
L3R, coixnccted 
adjustable coils L3 
variiMl by adjusting 


tile generator A. The ](*laiively 
and L4 and the adjustable resistance B, 

S2) C(?m prise a j)hase-ad justing, device wherebv the voltage 
applied to the grids Gj and G2 may be*, given a jiroper phase 
with respect to the generator voltage applied to the anodes 
of the tubes Vj and Vo. A relatively small amount «of high- 
frequency energy is transferred b)- means of the coils L3 and 
Li into the circuit containing L5, which may be tuned to the 
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frequency of the* genqi'ator. Under these conditions the 
current flowing in the circuit contaimng L5 will depend 
solely upon the resistance and will be \^ry soiisiCive to any 
variation in "the resistance of the microphone M. It is to 
be noted that the inicrQphone M might be replaced by a 
condenser transmitter (t.e. a condenser microphone) whose 
capacity would be varied by the voice. The microphone 
circuit would thus be thrown out of tune and a modulation 
effe(5t would be obtained. 

In Fig. 2 of the patent specification, the inductance ^*3 
and resistance R are shown in series with another inductance 


coupled to the coij L2. In 
the third figure, the tubcis 
V] and V2 are shown in 
parallel with the (x)il L2 
and the generator A, the 
inductance L3 ami resist- 
ance R being connected 
across A. Although only 
two imped aiKje tubes are 
described, yet each might 
be r(q)laced by several in 
parallel if de.sired. The 
grids ina\^ Ik', given *3. 
• suitable negative potential 
by means of batteyes. 

Wireless Telephone us- 
ing Low-freauency Retro- 
action. -In British Patent 
127325 •(April 19 17), the 
B.T.-Tl. Company (for the 
a.E.C. of U.S.A.) describe 
a wuH'less tclejflioiie cir- 
cTiit shown in Fig. 309. 



Fiu. 309. — Ct.E.C. wireless telephone using 
low-frequency retroaetionT 

Vacuum tube acts as a geueifator 


()[ continuous wav(\s. The D.C. generator H supplies the 


anode voltage. This method of producing oscillations in 


this circuit is similar to t^jat of Fig. 250. A single* circuit 
is employed. The wave-length emitted may be varied by 
adjusting the aerial inductance Lj. * 

Tha microphone is coupled by means of the transformer 
T1T2 to the grid circuit of this oscillating system. The audio 
frequency variations are amplified by the vacuum tube and 
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reappear in the winding Tg which is in^he anode circuit. They 
are induced by T 3 T 4 once more into the grid circuit, and thus^ 
a retroactfv'e amplification effect is produced. Condensers 
C 1 C 2 and Cg by-pass H.F. currents. 

The second figure of the patent ^shows a similar arrange- 
ment in which the H.F. and L.F. circuits are in parallel, 
stopping condensers bein^ used in the usual way. » 

In connection with this patent referencii has been directed 
to specification No. 107001 (Lee de Forest s wireless telephone* 
au^J oscillation generator). 

Use of Four-electrode Vacuum Tube. — In the simple 
wireless telephone circjuit of Fig. 293 the micBophonic currents 
are superimposed on the " oscillating potentials in the grid 
circuit. This method of control has not been found very 
satisfactory because of the fact that when the potentials on 
the grid produced by the microphone are large enough to 
control efficiently the amplitude of the radiated waves the 
system becomes unstable and stops oscillating. The best 
modulation would be obtained if the amplitude of the 
continuous oscillations were varied between the maximum 
value and zero. This, however, is not easily done. In 
the first place, the vacuum tube is liable to stop oscil- 
,lating. Secondly, it is not usually convenient to obtain 
from the microphone potential^ as great as those which are 
induced into the grid circuit during the retroactive self- 
OLcillation process. 

The General Electric Company, in British Patent 110924 
(Nov. 2/16), describe how they overcome these difficulties. 
To the ordinary three-electrode vacuum tube is added a 
secend grid so arranged and designed that the* control 
exercised by it is equal to that of the ordinary grid but 
is acccfmplished with smaller potentials. For example, the 
grid mighty be closer to the filament, in which case the small 
, mictophonic potentials would have the same effect op. the 
anode current as the larger oscillating potentials on the 
ordinary grid situated further from the filament. 

Fig.‘ 310 shows a circuit connected up for wireless tele- 
phony. The grid oscillatory^ circuit consists of the inductance 
Lj which forms part of a single oscillatory circuit L 1 C 1 L 2 . A 
source H of high voltage is connected in the anode circuit in the 
usual way. The anode oscillatory circuit is coupled to the 
aerial inductance Lg. The novel feature is the connecting of 
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the secondary T 2 of microphone transformer T 1 T 2 across 
the additional grid Gi and the filament J'. As long as there is 
no variation of the cun’ent flowing in tllfe local circuit of the 
microphone 'M the po- 
tential of the grid Gi 
will be constant and 
this grid.will play no 
part in the operation 
of the CHcuits. Under 
these conditions, high- 
frequency oscillations 
will be set up iii the. 
aerial in the well- • 
known manner. As 
boon, however, as the 
current in the local 
circuit of the micro- 
phone M varies, the potential of the grid Gi will vary, and 
there will be a corresponding variation of the current»flowing 
in the anode circuit of the vacuum tube. By this means, 
while a variation of several hundred volts upon|^the|]‘’grid G 2 
may be desirable to 
secure a maximum 
output of H.F. cur- 
rent, a much smaller 
potential variation 
upon the grid (j^ may 
be sufficient to vary 
the current flowing in 
tha amide circuit be- 
tween a maximum and 
zero. 


JUO. — Uso of two grids in an oscillating 
vacuum tul)c. 



Fia. 311 . — Van dcr Bijl’s method of modula- 
tion by varying an impedance in series 
with the aerial. 

circuits suitable for modulating high frequency curflputs at 
speech frequency. One of these circuits is shown in Fig. 
311. An impedance path Z, whictf also forms the output 
circuity of a vacuum tube, is connected in series with the 
aerial, which is energised by the high-frequency gene- 
rator A. Speaking into the microphone M varies the 


Van der BijFs 
modulating Circuits. 

— H. J. Van der Bijl 
has devised a class of 
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impedance of Z and so varies the high-frequency radiation 
from the aerial. 

Fig. 3lS shows *a modification. The * impedance Z is 



Fkj. 312. — Aiiolhor lorin of Van dor Bijl's wireless iolejdioiie. 


now connected as shown, tlie cfToct. howev^'.r, being similar 
to that obtained when Z is in series with tlie aerial. 


Cirevit of the Societe Francaise Radio-Electrique. — Fig. 313 
shows a microphonic arrangement suggested by the Societe 



Francaise Radio-Electri- 
que in British Patent 
127008 (Feb. 15 IG). 
Jhe ordinary generator of 
continuous waves is used. 
Tii(‘ grid oseillatoiy cir- 
cuit Lo is (toil pled to the 
anodi^ oscillatory (tircuit 
Lj, which forms part of 
the a(u*ial circuit. *A 
source H ol anode K.M.F. 
is connect(*(l as shown. 
The negative I'lid ol th(^ 
filament is (toniu^cted to 
(tartli. 

The distinctive filature 


consists of an impedance, 

F,„. 

La and a capacity C 
(branched in parallel and sensitively tun(^d to the frequency of 
the oscillations produced) connected across grid and filament. 
This impedance can easily be made very great and of the order 
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of magnitude of the vacuum tube resistance between filament 
and grid. The microphone M is placed, for instance, in series 
with the inductance. Under these conditions the impedance is 
proportional to the resistance of the microphone and the varia- 
tions of resistance of the microphone produce 'corresponding 
variations of the impedanc.e. It is stated that the results 
arc the same as if a microphone of^ very great resistance had 
betsn shunted across the grid and filament. Such an arrange- 
ment is preferable to using a microphone of ordinary resistance. 
The microphone might if desired be placed in series Uk^ith 
the capacity C to obtain the same results. A second figure 



J^’iG. 314. — A rjidio. tclcphorio systein with separately excited grid circuit. 

shows the device in use on a C.W. generator in which-^ three- 
phase alternator is employed to supply the E.Jl.F. of the 
anodes. Three vacuum tubes are used. * , 

Separately Excited Grid Systems.* — The wii*eless telephone of 
Fig. 311 shows the use of an amplifying valve whose output 
circuit is coupled to an aerit^l system. A local oscillatoi*(snch as 
a valve) induces continuous E.M.F.’s into the input or grid cir- 
cuit of the amplifying valve, the normal grid potential of which 
is vari(id by the potentials from a microphone transformer. 
The essential circuit is shown in Fig. 311. The source 
* See also Western Electric Co.’s British Patent 141732 (Aug. 21/15). 
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Vi of local oscillations induces continiuifus oscillations into the 
grid circuit of the ainiilifier tube V 2 . The grid Go of this tube 
is given a high negative potential which brings the operating 
point or grid base-line well to the left of the bottom extremity 
(represcuiting 'zero current) of the grid-potential — anode- 
current curve of the amplifier tube. The oscillating potentials 
on the grid G produce no <^utput in the anode circuit of V for 
this reason. When, however, the microphone M is spoken into, 
the gj’id base-line, during the positive half-cycles of micro- 
phttfie potential, becomes less negative and the output from 
the valve Vo will depend on the degree to which the anode 
(uirrent curve is utilised ; in other woids, on the amplitude of 
the microphone potentials.*^ It will be appreciated that no 
energy is radiated except/ when speaking — a desirable feature. 

Means of Obtaining Negative Grid Potential. — In * 
practice, the negative potential for the grid of the amplifier 
tube may be obtained by connecting a leaky grid condeixser 
in the filament side of the grid oscillatory circuit of the oscil- 
lator. This leak is preferably of the order of 80,000 ohms and 
is best wound with wiie. It is also convenient to have tappings 
from this leak so that any desired voltage may be used for 
special purposes such as for giving the grid of the amplifier 
/ube a negative ])otential. When oscillating potentials are 
taking place across the grid circviit f)f an oscillating vacuum 
tube, the grid becomes positive during the positive half-cycles 
aiti the resultant curremt in the grid circuit is considerable, 
and of the rirder of several milliamperes in small wij’eless 
telephone transmitters. The grid leak must therefore be 
capable of carrying this current. Th(5 flow of current through 
the •grid resistance gives the grid of the oscillating 'tube ‘a 
suitable negative ()j)ejating potential. To find this potential 
in an atfr/ual circuit it is only necessary to measure the current 
and multiply it by the value of the resistance. 

, If is also frequently v(*ry convenient when the formei* vrIvc 
is acting as a generator and md as an amplifier to use the 
potential across its grid resistance to give the modulator valve 
a suitabV; grid potential. These aiTangiunents are described 
in British Patent 14G519 (Oc^. 2/16) of AVestern Electric Co.* 
Another Circuit with Separate Grid Excitation. — In British 
Patent 146610 (April 10/19), P. P. Eckersley describes a wireless 

* See alHO N. Wa Patent 130.520 (Nov. 4/18), and O.E.C. (U.S.A.) 
Patent 148128 (Jan. 3/19). 
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telephone arranf*emeiit in which a valv(i sujiplies high-frequency 
potentials to the gri3 circuit of an ^amplifier tube whose 
(ftitput circuit is , coupled to the aerial. ,,The source of E.M.F. 
for the anode circuit of the amplifier tube is supplied by the 
microphone transformer. The output of an amplifying tube is 
directly proportionate io the anode potential, and so good 
modulated speech is to be expected from this arrangement. 
Siqce the energy from a microphonb transformer is only about 
six wai/ts at the most, valve amplifiers may be used to supply 
the necessary power. It is to be noted that no radiation takes 
place except during speech transmission. It is, howe!ver, 
possible to have- a permanent source of E.M.F. in the anode 
circuit of the Il.V. amplifying tube. The patentee has stated 
that’ the r(;sults obtained from this arrangement are not very 
good. 

L. B. Turner’s and R. H. Wagner’s Wireless Tele- 
phone. — In British Patent 137098 (Dec. 24 18) L. B. Tumei* 



and R. H. Wagner describe a wireless telephone arrangenient 
which is illustrated in Fig. 315. Jt is well known that in 
thp usual modulation arrangements, the iiKjdulator circuits 
absorb as much power as the oscillating valve. The moduKitor 
valve is also usually of the same size as the oscillatur tube. 
The present circuit does not involve higli-powcrc^d control 
circuits. • , 

A small oscillator valve V 2 produc.es the original high- 
frequency current tlmough the retroaction between the coils 
Lg and L^. The amplitude of this high-freipiency ci*rrent is 
modulated by the usual clloke-coil method, an impedance Z 
being included in the anode circuit oi#the amplifying valve Vg. 
The anode potential of Vg is less than that in tlie case of the 
tube Vo* so the anode battery is divided into two portions 
If 2 and Hg. A by-path condenser is connected from the positive 
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sidcof H 2 totlie filament of V 2 . The modulated high-fre([iien(iy 
current in L 3 is passed on to an inductance L 4 and applied to 
the grid of a high-})OYer valve V^, which acts as an amplifier of ' 
the oscillations. The grid of is ke})t at a suitabhi negative 
potential by /ncans of the battery Bo. The power for the 
anode circuit of Vi is provided by the source of E.M.F. Hi. It 
is interesting to note that tluvse am])lifying arrangements result 
in a radiation whose wat e-length is almost independent of 
the dimensions of the antenna circuit. In the sc^cond figure » 
of the ])atent a sim])leT circuit is shown in which the modula- 
tion amplifier is omitted. The aiTangcunent lends itself to 
wireless tiansmission in which ih(‘ aerial only radiates when 
speecdi waves impinge on Iflie microphone. (‘xample, the 
oscillating potentials a])plied to the grid of the main ampli- 
fying valve may be made extremely feeble oj- ('liminated 
altogether ('xcej)t wluui tlie conditions governijig tJu', oscilla- 
tions in the master oscillator are modified J)y the action of 
sjieech on the mic'iojdjone. For example, th(‘. anode battery 
of the , oscillator might be adjusted so that the oscillator 
valve just fails to oscillate. 1 'he oscillator will only oscillate 
when the anode ])()tential is raised I)}' the fluctuation of the 
microphone current. 

A Western Electric Company Wireless Telephone Circuit. — 
*^In British Patent 1333G() (June 28 l*3), the Western Electric 
Co. (1^8. A.) describe a form of* choke control, the potentials 
a^foss the choke varying tin* potcuitial of the anode of a- 
generating tube. 

Another G.E.C. (U.S.A.) Circuit. — In British Patent 139640 
the General Electiic Company describe a C'.W. generator 
cirqjiit which the ])resent author has described ,in con- 
nection with Fig. 280. This circuit is simply a single-cdrcuit 
arrangement materially unaffected by the aerial constants. 
In the second figure of the specification, a wireless telephone' 
circuit is given. A microphone transformer has its secom 
dary included in the grid circuit of the oscillating vacuum 
tube. In the anode circuit is a radio-frequency choke 
and alspj an audio-frequency choke with an ijon core. The 
changes in grid potential cause *exac.tly similar and much 
greater reactance voltag^^is tb be produced across the audio- 
frequency choke coil. Th(i anode voltage is consequently 
varied as these reactance voltages add to or arc subtracted 
from the direct current voltage of the generator. The ladio- 
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frequency cnerg} output is directly proportional to the energy 
input into the anode \ircuit of the device and the anode 
energy input is almost directly propoi^tional tc. the anode 
voltage. It is therefore clear that accurate reproduction 
of speech is possible with this arrangement. 

Anode Potential Control Circuits. — it has been shown 
that the power developed in the output circuit of an oscillat- 
ing vacuum tube is dir(^ctly j)roporuional to the anode voltage 
of the y.ube. B}' causing microphonic potentials to vary this 
anode potential, a modulation system is j)r()duced. Advan- 
tage has been takeiiof this fact in many modulation systenis, 
and in British Patent 1 5237 (Oct. 28/15), the B.T.-U. C^ompany 
illustrate schemes originating from tli<‘ (U.S.A.) in 

which a micro] )hone transformer is used to vary the anode 
•potential. The secondary of the tiansfoi'mei is included in 
the anod(‘ circuit and the micro])hone is connected in the 
primary circuit. When sj)eaking, the. mi(iro])hone potentials 
add or subtract thems(dves from the existing stead}' potential 
on the anode. In this a modulated higli frequency^ output 
is obtained. If the anode battery or other source of E.M.F. 
is omitted the micr()|)hone potentials will serve, but in this 
case amplifying tubes are used to inc]*ease the available 
energy. When this arrangement is used the valve only 
oscillates when s})eakiin^ and poor results are obtained. It' 
is preferabh' to have sullicii'ut steady E.M.F. in the anode 
circuit to enable th(^ valve to oscillate feebly. The microphorie 
potentials are f](»(^]uently amplified by one oi* more valves 
before impj'essing them on the anode of the generating tube. 
Inst(uxd of a transformer a choke coil is very freijueutly used. 

, British Air Force Radio Telephone. — The British Air 
Force radio t(de})h()ne used during recent years lias employed 
a choke coil instead of a transformer to influence tluj anode 
potential of the oscillating valve. The same source of E.M.F. 
used for the oscillating vacuum tube is also emploVed to deed 
the anode circuit of the modulator valve. A GOO volt propeller- 
driven generator siqiplied the anode curient, and a separate 
commutator gave about G volts which fed the filamente. The 
development of the British Air Force wireless telephone is 
described in a paper by C. E. Piiifce rAid before the Institution 
of Electrical Engineers.* Many interesting facts are disclosed 
and readeis may consult the jiublislied paper for fuller details. 

* See Jourmtl of fhe lusiitiUion of Electrical EtiffineerSy vol. 58, 291. 



384 


Thermionic Vacuum Tubes. 


When speaking into the microphone of this class of wireless 
telej)hone, the potentials produced across the choke coil Z 
vary the anode potential of the oscillatiBg valve between* 
almost zero and twice its normal value. 

The receiver consisted of one valve acting as a detector 
and employing retroaction, followed by two low-frequency 
valves. More recent receivers employ two stages of high- 
frequency amplilication, (/ne detector, and two stages of Jow- 
frequency amplifica’tion. ^ » 

Marconi 1-K.W. Wireless Telephone. -Marconi’s Wireless 
Telegraph (bmpany have produced a J-K.W. wireless tele- 
graph and tek^phone set whose connections ^re. illustrated in 



Eic. 310 — A Marconi I-K.W. w ir el csh telephone. 


Fig. 316. The circuit as used for continuous wave tians- 
missioii has already been fully describ(^d in connection with 
Fig! 283. For wireless telejdioiiy a control vacuum tube V 2 
is connected as shown. AVhen the switch S is in the lower 
position, the iniciophone M and the*, step-u[) microphone 
tramiformet T 7 T 8 impress the voice potentials on the grid 
(t 2 of the control valve. These })otentials will produce 
varying potential surges across th(i choke Z and so will vary 
the potential applied to the anode P 3 of the oscillating valve V 3 . 
The l^ey Kj is kej)t depressed during speech transmission. 
When it is desired to ti^nsiiiit by tonic train, or interrupted 
C.W., the key Kj is kept dcipressed and the radiated waves are 
modulated by means of the signalling key K 2 , the switch S 
being placed in the upper position. The minimum daylight 
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range for telephony ifj, 100 nautical miles, using an aerial 
100 feet high and 220 feet long, the receiver consisting of a 
Marconi 7-valve amplifier-detector. TIuy tonic trji.in range is 
130 nautical miles. The control valve is equal in size to the 
main power valve. Cbanging-over from transmitting to 
receiving is effected by means of a multiple-contact switch. 

Amerif^an Naval Aircraft Wireless Telephones. — The 
follcwing information relating to American naval aircraft 
sets has been largely obtained from a paper on the subject by 
T. Johnson, Jun., read before the Institute of Radio Engineers 
(vol. 8, 1, Feb. 1920, and vol. 8, 2, April, 1920). 

Fig. 317 shows the schematic arrangement of an early 



Pig. 317. — A Western Electric radio telephone for naval aircraft 

wireless telephone set designed by the Western Electric 
Company (U.S.A.) for use on naval aircraft. The vacuum 
tube V2 is the power oscillator. .The direct current anode 
circuit is P2, L3 (an air choke), Zi (an impedance), G (a i)ro{)elJer- 
driven D.C. generator whose voltage is kept fairh-' steady by 
the large condenser C5), a resistance R3, and one side^ot the 
battery Bi which supplies current to F2. The aerial oscil- 
latory circuit, which includes the anode oscillatory circutt-, is 
coupled to the direct current circuit of Vo by means of Co- 
The grid G2 (a coil L2 and grid leakv condenser C4 being 
arranged as shown) is connected through C3 to a })oin1f op. the 
anode oscillatory circuit c()U}>led by C3 to the anode oscil- 
latory circuit. The potential <apt?lied%o P2 varied by means 
of the modulator tube Vj, whose anode circuit is in common 
with the anode circuit of V2. The voice potentials are applied 
to the grid of the modulator tube in a somewhat elaborate 

2 c 
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niaimer. The ^rid Gj is given a suitable negative potential 
by taking a tap})ing from a resistance R 3 included in the anode 
circuit. The microplioiie and ])rimar}' T^ .aii' supplied with ^ 
current fronj the filament accumulator . Resisthnees Rj and 
R 2 w<M e, found to improve results. Tips set })ossessod telephone 
r<ange of only 10 ntautical miles (18'5 kilometres), the reason 
being du(* to fa.idty modulation. Owing to the, excessive 
size and weight of the set ,* this fault was not remedied.^ Kght 
H-watt vacuum tulnis were used in ])ara]Iel as oscillatois. * 
/Che General El(*etric Oomj)anv (O.S.A.) developed some of 
the most successful iypt\s of windess telephom'. Most of 
th(*se sets have. be(*n of the gemual type iilustrated in Fig. 

318. The tube V 2 is the 
power valve and Vj the 
modulator. An impedance Z 
is common to*both anode cir- 
(uitnS, which are fed by a 
generator H or other soui’ce 
of E.M.F. The microphone 
circuit is connected acioss 
grid and filament of the 
modulator tube. By taking 
a connection from the leaky 
, grid condenser Cj, the grid Gj 
is giv(*n a suitable negative 
value. Ordinary (\A\'. trans- 
mission is ellected by imdud- 
ing a k(\y Kj in series with 
the grid leak r. When the 
key is i(ileas(*d. the 'grid "Go 
))ec( rnes highly negative and 
the sy/?tem stops oscullatiug. On depressing Kj, the grid poten- 
tial returns to its normal value and the system r(M*,ommenees 
to oScillate. Tin* same eff<iet might be obtained by (umn^jcting 
a s(‘,parate condenser in series wdth the h^akv giid condenser, 
and shunting the key across this sc‘cond capacity. When 
tcdejilnTne or tonic traiji traiismi^sifui is in pi-ogress the k(*.y 
K] is kept shoited. If the switch S is over to the light the 
microphone M is brougfit inVo o|>eration. Jf S is oven to the 
loft the buzzer B modulates the continuous waves ai>d tonic 
train signalling is effect(*d by means of the key Kg. The test 
* Tins key is kej)! j»(irii{>n<*ntly (closed for ali l>ul (\W’. tTnnsimt'.'-iou. 



Fjo .*{]S. — lypji.U (i.K.C. cin-uil 
usftl oil 11a \al Jiiierafl. 
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lamp T indicates that* the modulator tube is functioning cor- 
rectly. The brilliancy of the filament of T should fluctuate. 

A (combined k)W-power wireless tele jA one traflsmitter and 
]'eceiver designed by the (U.S.A.) is shown in Fig. 

319. This set (type Shi 1345) was designed Ibf lightness and 
sim[)lie.ity of control. The power is only 5 watts but the 
t(4(^j)liontt rang('. is as much as 55 kilometrc^s. ^fhe switch 
S] •rdiangcs the aerial from “send'* (leftside) to “receive.' 
The aerial circuits are tuned by means of variom(‘.ters. Th(^ 
receiving circuft consists of a detector followed by two audio- 
frequency amplifiiiis. The first vacuum tub(‘ works with 20 
volts from H oitthe aiifKle and the amplifying tiil)(‘s take 40 
volt|S. By means of the switches So and the liattery H 





Tnj. A (L^S.A.) wiioless tfh'phonc tiansniil Ici- 

rccoivir. 


is ]>1ji.c(‘(I in series with st'condarv TV of the microphone trans- 
hfiTuei^ind gives the* grid Uj of the modulator tube a j)ole»itial 
of • 40 volts. Tl](‘, extra “ side' tone '' winding T;^ is connected, 
wh(*n S,| is closed during transmission, across the tefl'jfliones 
T. By this uu*au.s, the pilot can hear his own \;oice and so 
regulate it to obtain the best results. The switches So,* 
S;p and 84 are all op(Mat('d from one change-over switch. An 
iroji filament ballast Iam|) phu^i^d in series with the filaments 
of the two tiausmittiug tidies was used to maintain a fic’ustant 
filament current. 

Ilie Western Electric Company manufactured anothej* 
(type«C.W. 1058) of the standard naval wireless telephones. 
Th(^ cinaiital arrangements are reproduced in Fig. 320. 
Tlu‘. transmitting arrangements do not differ essentially from 
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others that have been described. Ap, iron filament lamp L 
is included in the filament circuit of the transmitting valves 
to keep the current* constant. No separate grid retroactdr 
coil is provided, but simply a tapping from Li whiuh produces 
a rec^troactive 'effect. The condenser, Cp, insulates the positive 
side of the D.C. generator G from the earth. The motor gene- 
rator G takes 12 amperes from a 12 - volt battery. Tlje set has 
a range of 18*5 kilometres from aircraft to ground and 9‘31^ilo- 
metres between two aircraft. The receiver employs impedances 
Z] Rnd Z 2 to couf)le the vacuum tubers. Switches Sj, S 2 and 
S 3 are placed in position automatically by a main switch in 
order to isolate the receiver when transmittiivr, and vice-versd. 

Aircraft Receivers. — One form of American aircraft re- 
ceiver consisted of a valve acting as a detector and retro- 



Fig. 320. — A Western Electric Company combined wireless telephone 

• transiniltor and receiver. 

9 

active amplifier and follow'cd by two low-frequency amplifying 
tubes coupled by means of iron-core transformers. Another 
six-stage amplifier used tho first three valves as high-frequency 
amplifiers coupled by air-core transformers, a fourth valvoz-as 
a detector and two low-frequency amplifying valves emj)loying 
iron-cofe transformers. 

Duplex .Wireless Telephony : some Experiments on its 
Application to Aircraft. — Jn a ])aper r(*.ad before the Wireless 
Sect.ion of the Institution of Electrical EngiiK^eis, P. P. 
Eckersley has described some very interest ing (‘xperinumts on 
duplex ^wireless telephony carriejd out by himself and R. 
Whiddington while engaged with the Royal Air Force. The 
paper conveys much inlT)rraation of general interest, and the 
reader is advised to consult the original printed paper. 

El i min ation of the Carrier Wave. — It may be shown 

* Journal of the Institution of Electrical Etigineers, vol. 58, 293. 
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that the wave eioittecj from a wireless telephone installation 
employing a carrier wave is complex aftd is built up of three 
frequencies. If F is the frequency of the carriei* wave and / 
the frequency of the vocal currents set up by the microphone, 
the emitted wave consistgof three frequencies, F,F — /,and 
The unmodulated aerial current F is not needed but may 
be suppled at the receiving station by a local oscillator. This 
sa^s a considerable wastage of en&gy. , 

Fig? 321 shows a circuit which has been suggested by 
Engliind, of the Western Electric Co. (U.S.A.), for the elimina- 
tion of the carrier frequency. A high-frequency generator A, 
consisting of a •vacuum tube oscillator, induces continuous 
oscillations in the grid circuit L 2 T 2 of a modulator vacuum 
tube Vj, to which cii*cuit is also coupled a microphone M. 



Fia. S2J. — Englund's system of oAminatiug the carrier frequency (anode 
batteries not shown in case of first two tubes). , 


Amplified modulated currents are set up in the anode circuit 
L 5 and are induced into Lg. Anode batteries are not shown 
in case of first two tubes as the* main battery of V 2 may 
bt? used. ^ 

A special bridge circuit is arranged consisting of resistances 
R] and Ro, an inductance L 7 and condenser C 2 . Lftids are 
taken from this bridge to an inductance Lg coypled to an 
amplifying system which delivers current to the aerial cifcuit. 
The bridge is so adjusted that no currents of the carrier wave 
frequency can flow in the inductance Lg but currents differing 
in frequency upset the balance and flow through In 
this way the vocal frequency cummts are amplified and passed 
out to the aerial where they are radiated ; no carrier frequciiicy 
currents, however, are allowed to pass the bridge. 

A circuit similar to that of Fig. 322 is used to receive the 
wireless speech from Englund’s circuit. A local oscillator 
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induces oscillations in the detector circuit ‘of a frequency 
equal to the oriijjinal dirrier frequency. This arran, cement is 
described b>^B. W. Kdndall and the Western Electric Conipanj^ 
in British Patent No. 102500 (Nov. 29/15). • 

Carson’s S^tem of Eliminating, Carrier Frequency. — 
Li Britisli Patent 102503 (Dec. 1 15) is described a method 
of eliminatiiiy th(' cairier frequency invented by .1. 1^. Carson 



Fi(i. 322. — Western Eleelrie (iomjiaiiy’fc* wirtiless (.(‘lepluaie receiver 

for the f.Wcstern Electric Company. Ei.L». 323 shows the 
essentials of the transmittinu circuit. A generator A of 
continuous waves is coupled to the circuit Cj 1^21^3. A 
muu’ophone AI with its ti’ansfo7*mei* is likewise couphd to this 
circuit. The potential across i\ is the sum of the low or audio- 
frecjuency wave, correspondin^i to,va!‘i.‘ilions of transmitter M, , 



Ftg. 323^^ Car.soi'j s method ni cau.siii^ r.'i(li<ilir)ii c)iily wlieii speecdi is 
• trarisinitt(‘W. 

and the carrier wave of j jfJio-ftecpieney, ;^enerat.ed [>}' A. This 
potential difference is iriijiicsscd between grid Gi and lil^am^uit 
Ft of the modulator vacuum tube V], while an equal potential 
dillcrence of exactly f)pposing phase is impresstn] between grid 





The Vacxju^i Tube tn Wireless 'rELEPiioNY, 391 

ft 

G2 and filament F2 of second tube- ¥2- consecjuence^of 

the potential oscullatioUvS impressed Ixitx^cen ^rid and filament 
of modulators Vi, and V2, oscillations are»deve]op(^l in cinuiits 
L5 and Lo,*t]iose circuits beinf^ the output circuits of modu- 
lators Vi and V2 respec.tjvelv. The I’, anodc^ aircuit includes 
a couplinj4 coil L^, while Po aruxh^ circuit includes a couplinii, 
coil L^j, jireferably similai’ and equal to coil L5. Coils L5 
and related to coil \i>j of dscillatym circuit LvC^j that 

inductile (iffecits due to current oscillations of tlui sani(^ phase 
in ci?*cuit>s and L^. are additive to their inductive action 
on coil L7, while current oscillations of opposinij; phase in 
circuits Lr^ and^Lg opjftose and substantially neutralise each 
other with respect to coil * (-ircuits Lg and Lg may 
contain condensers •whereby they may b(i tuned i-o a fro- 
'quency difTerinu; from that of the earlier wav(^ by the mean 
speech frequeucy. By means of cond(Mis(M‘ C^ circuit L7C,j 
is tuned to thisi same fre(|uen(\y. Bridged a(‘ross condenser 
C4 is the input sidc^ of an arnjilificr V3 whose output side is 
cou[)led to a transmittini* anteima circuit Li,Cg; such^ntenna 
inciudin^ means whereby it is tuned to a irocpiency differing 
from that of the carrier wave by the mean sjieech fre(|iiency, 
that is to the fjequeiu^y to whicdi circuit L7C1 is turned. 

Since volta;^e oscillations of opposin.u ])hase are develojied 
in the iiqmt sides of ni(iS.ulators Vj and V2, and since outpuf 
circuits L5 and Lg, oscillation circuit L7C4, and tin" aiuial are 
tuned to a frequency in the neis»]ibourhood of tliat of Vie 
carrier wave and ofier a very ureat inqiedance to (uirrents of 
double carrier way(* fiiMjuency, the arrangement of Fii;. 32.‘1 
efi’cctually prevents tlu' radiation ft)f the unmodulated carrier 
wave. • It will be further evident that sincii the componeni 
jiarts of the Fis*. 323 arrani^enient are limed not to the carriej* 
wave fr(^(piency but to a frecjuency either iL*r('ater or l^ss than 
the carri(M- wave frequency by a frequency appi’oximately 
ei[ual to that kiiowm as mean speech frequency, on(^ (rf the ^ 
comporuuits of the- modulated wave into whu^h the latter is 
analysable, is transmittiHl at considiTObly reduced amplitude 
as com|)ar(Ml with the other components. This discrimination 
bet wecMi thp components may bt^ made' as ;^r(‘at as desired in 
a number of ways such as by in^reasfnu the numbei- of oscilla- 
tion (;ircuits interposed betw^een the modulators and the 
antimna. 

The patent states that the receiving, circuit is tuned to the 
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same frequency as the transmitting^ aerial of Fig. 323. 
Preferably several vacuum tubes are used in high-frequency 
cascade, a local oscillator, generating oscillations of carrier 
wave frequency, being coupled to th(‘. receiving circuits. The 

patent also describes a duplex 
system which will be discussed in 
another paragraph. , 

* Latour's Method ol Eliminating 
the Carrier Frequency. — In ^British 
patent application 8318/1918 (Oct. 
23/16), Marius Latour describes a 
high-frequeBcy amplifier in which 
ir6n-(*.ore cou})ling transformers are 
used. He also describes the arrange- 
ment shown in Fig. 324. The* 
oscillatory current is, applied to the 
terminals AB of a Wheatstone bridge 
arrangement consisting of three im- 
pedances Z2, Z®, and a micro- 
phone M. A transformer T^ is con- 
nected as shown, the output ter- 
minals being o and 0. The adjustment may be such that when 
no one is speaking in front of the microphone, no current 
^passes through T^. High-frequency*^^nergy will only be col- 
lected at the terminals 5 and 6 when the microphone is dis- 



Fjg. 325. — Another of EngJuncl’s i-ircuits for eJiininaiiiig the carrier 
^ fretj[uojicy. 

turbed. The current coIIe(ited aV, 5 and G may be passed 
through several amplificAj and then jiassed out Ut the aerial. 

Another CSrcoit for Eliminating the Carrier Vftne — 
England has proposed another circuit for eliminating the 
carrier wave. The general arrangement is shown in Fig. 325. 



Fio, 324. — l^tour's bridge 
for elif.nnating tli< carrier 
frequency. 
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A high-frequencjf generator A induces continuous oscillations 

into the grid circuit L2T2 of a modulator tube Vi. A micro- 
* phone M is also coupled to this circuit. The ampfified oscilla- 
tions in Le Are of three frequencies, one of which is the carrier 
frequency. These oscill^rtions are passed on to fche grid ciixniit 
L7 of an amplifier tube V2. The problem is to neutralise the 
carrier frequency in L7 so that it will not be amplified by V2 
ancl radiated from the aerial. It is proposed by Englund to 
accomjflish this in the following manner. The high-frequency 
currents from the generator A also supply an auto-transfoiifner 
arrangement L5. Oscillating potentials are impressed on the 
grid of an amplifying vacuum tube V3 in the anode circuit Lio 
of which oscillations of the carrier ‘frequency take place. The 



Pig. 320. — Carton'd circuit for eliiuinating the carrier wave. * 

circuit P, composed of a resistance R, an inductance Ln, 
and a condenser C, is used for phase regulation and by its 
m.eans x)Scillations of the carrier frequency are applied to^ the 
circuit L7 in such a way that they arc 180 ^ out of phase with 
the carrier frequency oscillations already taking plac6 in L7. 
Since the amplitude of these balancing oscillations may be 
made equal to the existing oscillations (for example, by iileans , 
of L5), the carrier frequency in L7 may be eliminated and the 
aerial will only radiate the modulated curi’cnts set up when 
the microphone M is spoken into. * » 

Carson’s Proposed Wireless Telephone System. — J . R. 
Carson has disclosed the wireless felephoiie system shown 
in Fig^ 326 . In tliis particular system no carrier wave exists, 
the modulated waves only being transmitted. Consequently 
when no one is speaking nothing whatever can be heard at the 
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receivini* station. Tho tiaiisiiiission a carrier wave involves 
a serious A\’aste of i^ner^y, tends to cause iiiterfeicncc^, and is 
a bar to dii})le\ woi'kin^. • 

A inicrophoiu* M is couu(‘ct(‘d as usual in tlii'* priniaiy Tj 
of a st(\.p-up microphone transfornu'j^*, the secondary wiiLdiri^ 
of wdiich is connected across tlu^ urid and Jilanient of an 
amplifier. A step-up transformer T3T4 is counect/nl in the 
anode circuiit of tjie aniplilier. The secondary wiiidiiiji: T4 
is connec^ted in scuies with a cond(‘nser C and the field winding 
Jii ,of a radio-fre(]uencv alternator. Tlu^ a.rrliatur(‘ A of the 
alternator is comurted to the input circuit of a hi,i’h-i)ower 
amjdifier vacuum tube, tlu* anode cr/cuit of*.whi(di is cou])led 
to the aerial ciixuiit. 

\Vh('n the microphone* is spokeji into, tlu* maunitied mi('.ro- 
phonic currents pass through the field windings if and cause a 
high-free jiiency K.M.F. of varying intensity U' ap[)ear at the 
output terminaks of the H.F. alternator.- These varying 
potentials are ajiplic^d to the grid of the second amplifier and 
a stronji, modulat<‘d high-fre(|ueucy current is set up in the 
anode circuit whenever the inicrojdione is sjjokcm into, but not 
otherwise. 


Espenchied Duplex Wireless Telephone Systems.- Several 
attenij)ts liav(* heeii made to obtain simultaneous trans- 

missi(ui andrece])tion 
in wirel(‘.ss t.elej)hony, 
so, as to reproduce 
the conditions exist- 
ing on an oidinaiy 
t.(degraph circuit. It 
is naturally Vejy in- 
convenicuit to have 
to “change over” 
wIj (‘never it is (l(‘- 
sir(d t-o sp(‘nk gr jc- 
c(‘ive. For the same 
rc^ason that a plea- 
on through a speaking 



Via. ,‘{27.- 


-Ks|K‘|J(1i1(m 1 h (JupU'X WIH 
tck‘]>h()n(* sy.-'n'iri. 


isant (;o#ivejsati(Ui cauTiot be, eairpM 
tube, so is it unlikely that wiivle,ss 1(d(^j)hony will be vi(iW(Ml 
with favour unless dupl(^!c w^orking is p(jssibl(\ 

Lloyd Kspenchied has d(5scribe(l sc^veral circuits destined to 
mak(‘, duplex working possible. B'ig. 327 shems the principle 
of these circuits. The acu’ial circuit (;ontains inductances and 
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condensers as shAwn, ^liere l)ein^ two parall(‘.l branches ^ 
and Z f^iving the (iomplete system tw(/ natural frinpieiicies. 
‘The branch Y is coupled to a (*.iicuit Ij4L5»w1uc1i is^)art of the*, 
output circuit of a wirehvss t(^h‘phon(^ transmitter. Tlie problem 
is to ^et rid of the efTec[ of the ]K)werfiil oscilkitions taking 
place in Y on the recx^ivhii* bramdi Z. This is done, by usin^ 
a balancii^jj circuit X which is coupled by LrJjo to the jadio 
telej^hone transmitter. Oscillations* are se*t up in X similar 
to those/iii Y and those in Z and the receiving circuit due to 
the effect of the transmitl.(u*. By couplini;’ Lj. to Lg ^we 
induce into the receiving circuit L7L()(-j; an oscillatory current 
of (‘.xactly tlu^ sa^jiie kind»as that induce*, d l)y Z. By varying 
the (jouplinys beiween L,; and lj5*and betweeii Ly and Lg, 



Fju. :{2.S — lOKjK’Hchied's inoditied sysU^iii ior simultaneous 1clc]>lione 
Irausmission and rereptioii. 

• 

and by’adjustino the condensers (\ and C5, the two sets ol 
os(*, illations in L7TjgU,j may be ^iveji a })hasi‘ difference of 
180 "" and conse.qu(*ntly neutralise each other. No oscillator}' 
curi*(‘n1 du(‘, to th(‘ transmitter exists in the circiiit L^^LgCf, 
which can now respond to the inconiiiin t(‘le])honic signals ^ 
of different wave-!en<it!i. The vacuum tubi^ shown is used in 
the ordinary way as a ch'tector, thouj^h mori‘ ambitious circuits 
could be used. , * ^ 

Es})eJichied has sug^(\sted the ust‘ oi a vacuum tula*, 
amjditier in the X circuit. The windmo L^., is now shunted by 
a variable condenser and connected across the ^rid and fila- 
m ent of an am})lifyin<.» tube. The inductance Ly- shunted by a 
variable condenser is connected in the output circuit of the 
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tube. ^ In this way, a little 
more latitude of adjustment 
is provided* 

Fig. 328 shows another 
form of Espenchied’s system. 
In tliis circuit the current for 
balancing purpose is not 
taken from the transmitting 
aerial circuit but froA an in- 
termediate cii'cuit. Any in- 
coming waves received by the 
left-hand aeg'ial will not find 
their way to Ljq since the 
vacuum " tube Vj acts as a 
trap. Two valves are showif 
in use for rec«^ption, the first 
as an amplifier and the second 
as a detector. 

Carson’s Duplex Wireless 
Telephone System. — In British 
Patent 102503 the Western 
Electric Company described, 
as we have seen, a method 
^devised by J. R. Carson for 
eliminating the carrier fre- 
quency. ^The same patent 
describes a duplex wireless 
system whi(;h is illustrated in 
Fig. 329. The left-hand cir- 
cuit is the transmitting side 
while on the right-hand is the 
specially devised receiver. 
Although both transmitting 
stations cannot speak at the 
same time, yet the arrange- 
ment allows a rapid inter- 
c^^ange of the r61es of trans- 
mission and reception. 

Suppose, now, that a 
transmitting station* (not 


shown) is transmitting to the 
station of Fig. 329. Without the power limiting circuit 
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associated with V4 and V5 destructive amounts of energy 
would be ’ absorbed by the receiving cii’cuit. This circuit in- 
* eludes two similar, thermionic devices V4 ^and V5. ^The circuit 
as a whole Jicts as a power limiting device and by virtue of 
the tubes the current in this circuit cannot exceed a pie- 
assigned value depending on the adjustments of these 
vacuum tpbes. 

This value is preferably adjusted to apjiroximate equality 
with thht of the signals received from the communicating 
station. The •power limiting circuit, therefore, protects 
the receiving arrangements from excessive or destructive 
interference whil^e permitting of the efficient reception of 
signals. • 

Simultaneous Radio Telephonic and Telegraphic Trans- 
mission. — Enulund has devised for the Western Electric 




Fio. 330. — Englund’s system I'or simultaneous speech and telegraph trans- 


Company (U.K.A.)* a circuit suitable for the simultaneous 
transmission of speech and C.W. telegraphic signals. The 
essentials of the circuit are reprodyced in Fig. 330 . A high- 
frequency generator A supplies the circuit L1L3 with continuous 
oscillations. Oscillating potentials are induced into the ^id 
circuit of the modulator tube Vj . To this grid circuit is ooupled 
a microphone curcuit MB^T, so that the oscillations appearing 
in L7 are both magnified and modulated. The oscillations are 
now passed on to an intemiediati', circuit which has two 
branches Y and Z. The branch Y shorts, as it were, the H.P. 
currents in Lg. The circuit Z has a theoretically infinite 
impedance to the frequency of the generator while allowing 
the vocal frequency currents to jfiass. • In this way the carrier 
frequency is left behind while the vocal frequency is passed 
on through LgLjo to the grid circuit of the high-pf>wer amplifier 
tube V2. The amplified currents are now amplified by another 
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vacuum tube V3 and then dclivei-ed to the“aerial. As in all 
cirotiits for hi^h powei, several vacuum tube^' may be connected 
in parallel '^rhen one •alone is not able to (jarry the current. ' * * 

Now as r(\i>jaids the use of the circuit for ordinary C.W. 
transmission.* The (;arrier wave is used. Tlie generator 
fiequeiKT currents are induced by 1 j;j into L4 and, when the 
key K is dejne'ssed, are conv(\ved to the grid oscalkatpry circuit 
of the amplifier tu,be \'2.* The cuiTeuts are amplified h\ the 
usual manjier and i)assed out. to the aeiial The rfisistance* 
prevents llie grid circuit Ljq of Vo >enu shorft'd by L4. 

By this arrangement tluTO are tinu's when both \ocal 
fie(juency currents and tlu‘ carriei- vrave ar^ superimposed in 



Unj. li.'lJ.- WcstcTii Klcctric- Utunp.iny cirfiiit ioi siinuit.uuMm.s m*(‘])iion 
ot \\ t(*li!j)]ifuw and \vin‘l(*s.s tclri^rapli si^niaJs. 

the aerial. Since, in many systems a carriei* wave is used, 
this d**es not materially affect the (piality of the speech at the 
receiving station. 

d?'ig. shows a ](‘ceiviTig cinriit for simultaneous tide- 
phonic and (!.\V. reccjition. Both vocal and carrier’' wave 
fnrpiency currents an* s(*t up in the secondary circuit, which 
has J wo branches Z and Y. The vocal currents pass through 
Z and L7 wJiih^ the carrier Wi^ve* oscillations jiass through Y. 
The vocal (iurrents an* haifd(*d on to a d(*te(d.or Vj, a local 
frequency being provided by the oscillator A|. The telepiionic 
signals are thus heard in Ti. 

The carrier* wave signals an^ passed on from 1^3 into L4, are 
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amplified by a vTicauim tube V2 and then handed over to a 
detector V3, in the f»ri(i circuit of which they may be hetero- 
dyned by a local qscillator A2. The toleoi;aphic siimals are thus 
heard in tho f elephones 1^2- 

Similar circaiits to these ar(‘ described in Kiitish ]\atent 
1 1 1649 (Sept. 1217) by th(^ V'estern Electric Company. 

BreaMng-in Systems. — In a simple wireless tele])h()ne 
(‘ircjiit it is nee(\ssarv to “ chan^(>ov(M‘ from speaking to 
r(ic(aver. A duj)lex arrangeiment is the most useful, but the 
breaking-in system of Fig. 332 may bc^ of interest. Tj» is 



Fro. — Ceneral Eloctrio Company's ])rcaking-irj system. 

described in British Patent 9'i^O/l 5 (July 3 lb) by the (Jeiieral 
Electric Company (IJ.vS. A.). 

Four r(4ays, \\j* W.^, and W4 are em})Ioyed. When the 

arm A] is down, the a(^rial is connected to the leceiving cir- 
cuit, wdiicli uses a detector V|.^ When the arm is up 
th^ a(*rhil is conn(*.ct(id to the JuM'ial inductance L.j of a C-.W'. 
()SC‘illator. This (oscillator has an anode circuit Lo coupKhI to 
a grid ciicuit bjC|. The anode jrotential is supplied by 112. 
Across tlie grid oscillatory circuit is connected a shunt resist- 
ance whicli tak(\s t lip form of the filam(*nt-anode path in the 
tube Vo. WluMi tin* transmitter M is spoken into, the voice 
|)olenlials, junpliiled by Vj, vary the jrotential of tlie grid Go. 
A varying aiiunmt of (uiergy is thus div(Ml(Ml from the., grid 
oscillatory cir(‘.uit LiCj flirpugh the shunt path Foi\», 
and corresponding variations wifl bf^impos(»d on the ampli- 
tude of the waves produced. (This form of modulation is 
explained in connection with Fig. 304.) 

The arj’angement appears to work as follows. The source 
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of filament cuirent B 2 may be connected so that the left-hand 
sideis positive and thd right-hand side negative. ' Consequently 
the anode •P 2 , whiah is connected through Wi to the left * 
side of Bg, will be positive. A current will flowfn the anode 
circuit of V 2 when the potential of t^e grid G 2 is altered suffi- 
ciently in a positive direction. When the microphone M is 
spoken into an anode current is set up which passes through 
W I and causes the arm of *rho relay to touch tlio contact. P'his 

♦ t 



Fio. 333.' -J)c Forci/ automatic changc-over system. 

f 

0 

completes the circuit of the relay W 2 and the arm makes con- 
tact with the nppe^r contact, thus completing the grid circuit of 
the genertjtor V 3 , which (•(uiinumces to oscillate. When the 
i-elaV W 2 has operated, the relay W 4 is also brougjit into 
action and its arm makes contact with the upper stoj), thus 
switching the aerial on to the transmitting circuit. 

Whfen speaking ceases, no cufrent passes to the anode P 2 
and the contacts of the relay .Wj separate. The arms of all 
the relays will drop and tlie aerial will be changed over to 
the receiver side. 

De Forest’s Change-over System. — Lee de Forest describes 
in British Patent 100841 (Jtily 7/15) an automatic switching 
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device for use ifl connection with radio telephone systems. 
Two arrangements are shown. The second is reproduced in 
Fig. SSJi. A capillary tube 0 opens inio the mouthpiece M 
at P. This* tube is preferably U-shaped in length, the 
end Q being sealed and . forming one terminal" of the relay 
Mercury R is located in the tube 0 and contact with 
it is permanently made by a terminal Y. When the 
miq;ophone M is spoken into, the’ mercury R rises in the 
left-hand . side of the tube 0 and makes contact with the 
terminal Q, thus completing the relay circuit YRQBS^Y. 
The result is that the armature 3 is made to touch and the 
other arm 2, wh-Jch is ixsulated from 3, touches This 
latter arm connects the acnial through an aerial oscillatory 
circuit and through the microphone M to the earth. The arm 
3 on touching L 2 connects the closed circuit coil V to a source 
of continuous oscillations. 

When speaking ceas(js the mercury leaves the point Q, 
the relay circuit is broken and the armature of the relay 
springs back so that 2 touches J and L 2 is left unconni^cteiS. The 
lead X goes to the aerial terminal of the receiving apparatus, 
which has a separate earth. Consequently when 2 touches J, 
the aerial is switched over to the receiving circuit and the 
source of oscillating current is disconnected. ^ 

The other arrangement dgseribed in this specification is 
very similar, the difference being in the microphone. Inste^^d 
of using a capillary tube, Lee de Forest employs a strip of rnet^fl 
in the microphone ; when the microphone is spoken into, this 
strip makes contact with a screw inside the microphone thus 
closing the local relay circuit.* ^ # 

The *DynatFon in Wireless Telephony. — A special fovm 
of vacuum tube termed a dymtron may be used in wireless 
telephony. A further development of this tube, cafled a 
pliodynatron, has been used for the wireless transmission of 
speech, details being given in the next chapter. Other 
negative resistance devices have also been adapted to 
wireless telephony. 

The present author has produced a number of successful 
and original modulation systems. ^ In ^view of the fact that 
patents have been applied for, it is not possible to give details 
in the present edition of this volume. 

* Neither this nor th(i prcvioiirt arrangement are very satisfactory as 
the beginning of spcc(;Ii is not properly Iraiismilted. 

2 D 



CHAPTER XIV 


T]1E i)Yi\:ATIU)N. 


Tuk (Iviuitiou '' is a speoial iorni ol l]iro(‘-Mt‘.C'1r(Klc v'aciuiin 
tube whir]) lias Ixm'd ovoIvimI by A. AV., Jlull f)i Ihr Ui-Jicja] 
Kloctik' Coitipaiiv, oJ U.y.A. Jt lias Ikhmi iiilly described b^ 
the inviMitor in tlu^. Proceed thijs of the InsUtuie of Tiodio 
Engineer.^ (vol. 0, Xo. 1, Eeb. 1918), and also irf Jb itisli Pat(‘nl.s 
15555/15, 103805, 1 11539, 117283. 130400' The. leatJer is 
referred to these sourcivs for lull infonnation. This volume, 
however, would not be ecuiiplete without some account of the 
apiilications of the device. • 

Action of Dynatron.' -The dyiiatroii consists of a x acuum 
tube containing a filament surrounded by an anode which may 

be in the sha])(‘ of a cylinder with 
a Ltrue number of holes in it : 
around this anode is a “ plate "in 
the form ( )f a c v ! i nder . The general 
arrang(‘m<‘nt is rather similar to 
that of an ordinaiy three-electrode 
tube exce})t in that the anod(^ is 
close t.o th(^ j)late, wdieii'.as in* an 
ordinary vacuum tube the grid is 
close to the iilament. Since llu^ 
dynati'on functions in an abso- 
lutely dilTerent manner "to the. 
ordinary valve, care must be tak(‘n not to confuse* the actions 
of theianodc and those of a grid. 

i^ig. 331 show^s a dynatron iu a circuit intc‘nded to show’ 
its action. A battery il 2 maintains the jdatci P at a jiositive 
potential. The; gal vanem letter A 2 measur(;s the j>late cur](*nt. 
The* ane)de A is cleise* te) the jdate* P anel is maintaitie‘d at a 
j)ositive^ pe)te;ntial by the ba1te*rv llj. The a,ue)ele; cuirent is 
measured by the galvanometer A^. 
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Normally, tife anode A beinj* positive will draw up electrons 
from the neij^hbourhood of the hlameut. If the plate l’ is at 
9 . low potential, with respect to the iihiment many of these 
electrons will pass through the holes in the anode and will 
strike the plate P. Ai\ ehnitron current will Ifc s(^t up in the 
plate circjuit PII2A2F and may be measurc'xl by the galvano- 
meter A^. A certain number of electrons will also go to the 
ari4)do A and may be measured by the gal^^gnometer Aj. 

AsV(i incT‘(^ase the^ positive potential on tlu', plate (keeping 
the an<)d(‘ pot.efit-ial fixed), we. will increase the flow of (‘lec-trons 
to the plate. The. platen (iiirrent will increase. \Vln‘n, however, 
tlu* ]>late potci4.ial begins to jeach a value of about 25 volts 
the (^(‘.ctrons striking tlie pJat(‘ attaii) siillicient velocity to 
dislodge some of tiff*, (‘b^ctrous (existing in f lu* plate. By tin* 
• iinpac,!. ol t-h(^ prinuirff el(*ctrons, a new set of sccoiidarji elect ro]is 
aie knocked 4 )ut of tlie |)hite and wander about near its 
surface. Und(‘.ii the conditions existing in an ordinary 
vacniiin tube, tlu‘,s(‘ s(‘co]idary electrojis would simply 
return and lx*. r(*absorbed by tlie jilate. In tin*, dynatfon tfiere 
is, Ji()W(*V(M‘, an anocb* close to the pla,te and whose potential 
is made liigher than that of the plate. tV>nse(ju(*ntly, tlie 
secondary el(K*.ti‘ons liberated fiom the plat(^ pr(‘f(‘r to go to tlu^ 
anode. 

Since the plati*. is jjegiiijiing to lose electrons, tin*, plate 
cujTont will (l(*-[)(^nd on the number of primarv electrons 
entering the, [)late and also on the number of electrons 
leavimj the jilate. If 100 million primary electrons during 
a given perind of tim(^ are cnl(*ring the ])late whr*n it is 
at- -1-30 volts, and oO million sixurfulai'v electrons an* h*aving 
it* obviously the total effect on the plate (‘urrent will lie the 
same as it bO- million electrons -were entering the plate. In 
general, wc* (^an say that tlu* })late current is equal to the 
electron curieiit entering the plate mums the caiiacnt leaving 
the })late. Now the number of secondary electrons liberated 
from tlu* plate* d(q)t*nds on the velo(;ity of tlu^ primary electrons ; 
in other words, on the voltage of the plate, liy increasing 
the plate potential we will jncrease the velocity of the*]>iiima.rv 
ehic.trons, thus increasing thf number of .svcondarij electrons 
liberat(*d from the plate. The resufl is a rapid increase in tlu*. 
numbi,*.r of secondary elec-trons drawn from the plate. This 
incr(‘ase in the numb(*.r of secondary electrojrs may be much 
greater than f lu^ increase*, in primary ch'ctions. ( Vuiscepiently, 
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the plate current falls in value after a certaih value of plate 
potential. Let us take' an imaginary example. By increasing 
the plate voltage from +30 to +40, the nuipber of primary 
electrons entering the plate has increased from 10€ million to' 
110 million, but the number of secondary electrons leaving 
the plate has increased from 50 million to 80 million. The 
net plate current is that corresponding to 110 million minus 
80 million electrons,^ which* equals 30 million as compared^to 
the 50 million flowing in the plate circuit when the plsl^cc was > 
at +30 volts. 

We thus see that increasing the plate voltage may cause a 
decrease in the plate current. It will stri]ce the student 
reader as a curious fact. Hi an ordinary circuit an increase 
of E.M.F. causes an increase in current, but here we have a 
plate cii cuit possessing negative resistance, A circuit possesses • 
negative resistance if an increase of E.M.F. acrqss it produces 
a d(‘crease of current in it, and conversely. . 

By increasing the plate voltage sufficiently, the number 
of secondary electrons knocked out of the plate and drawn 
away by the anode will equal the number of primary electrons 
entering the plate. Each primary electron is now displacing 
one secondary electron and the effect will be the same as if no 
electrons were entering the plate. The plate current will 
be zero. 

If we increase the plate voltage still further, the number 
of i^econdary electrodes withdrawn from the plate will exceed 
the number of primary electrons entering the plate. Conse- 
quently instead of there being a zero plate current there 
will be a plate current in the opposite direction to the usual 
one.^ Each electron is now khcx;king out several secondary 
electrons from the plate and all these are immediately 
collected by the anode. In some cases a primary electron is 
capable of liberating as many as twenty secondary electrons 
^ fromlche plate. As the plate potential is made more and more 
positive the number of secondary electrons increases and the 
plate current increases m a reverse direction. The galvano- 
metei; A 2 now gives the indication of an electron flow from 
filament to plate in the external, ciicmt. 

Earlier on in our explanafion we saw that the anode was 
at a higher potential than the plate and for that reaspn the 
liberated secondary electrons went to the anode instead of 
being reabsorbed by the plate. As, however, we arc now 
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reaching plate voltages almost as greg,t as the anode vpltage 
there is not the same tendency for the liberated ejectrons to go 
to the anode and they begin to be reabsorbed by the plate. 
Consequently the reabsorbed electrons act in the same direc- 
tion as the primary electrons and the plate current decreases 
rapidly. As the plate voltage is increased still further, more 
and motfe electrons -are Teabsorbe,jl by the plate and finally 
th« pl^te current is brought down to eero, the number of 
electrons now going to the anode being equal to the primary 
electrons cntcnng the plate. « 

A further increase- of plate potential increases the number 
of secondary eltctrons ^hich are Reabsorbed, and the number 
goi^g to the anode becomes smaller and smaller. The plate 
current is now flowing in the original normal direction, and 
is due to the primary electrons minus those few secondary 
electrons whi<fh still prefer to go to the anode. 

When the plate potential appi'oximately equals the anode 
j)Dtential there is no inducement for any secondary electron 
to go to the anode. They are all reabsorbed by the plate. 
As far as they are concerned, Ihe plate current remains the 
same as if they had never been liberated. The plate current 
now consists of the sum of the original primary electrons and 
the reabsorbed electrons^ the liberated electrons. Since^ 
the number of liberated elections equals the number reabsorbed 
the plate current is simply equivalent to the original primary 
(ilectron current. • 

Characteristic Curve of a Dynatron. — Fig. 335 shows a 
characteristic curve of a dynatron. The plate voltage is 
gradually increased from zero ^nd*the plate current is noted 
aiJd plotted on the vertical axis. The anode voltage is kept 
constant throughout. Along tliTj portion ABC of tl^e curve 
the plate current increases in the ordinary way. After the 
point C has be(‘n reached the plate begins to lose secondary 
electrons rapidly anti the total plate current falls. This goes 
on until the point E is reached. At this point each primary 
electron dislodges a secondary electron which is cayied off 
to the anode. The numben of secondary electrons lost by the 
plate now equals the number (^f pr^ary electrons ; conse- 
quently the resultant effect is zero plate current. If now we 
increase the plate voltage still fui-ther each primary electron 
will dislodge several secondary electrons and the plate will 
be losing more electrons than it gains. This is equivalent to 
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a ])laie ruiTeut in dii ociioii ()p]H)sito^() the former direction. 
After the point G has been passed the device no longer acts a^s 
a true negative resistan(u\ Tlio plate clirront decreases 
since tlie anodes is unal)le to carry away all the s(‘,condary 
electrons. The j>late (‘iirrent becoiner. zero on(^e more at the 
point »1 and tlieii incieas(\s to the j)oint X as the ])late reacdies 
Ihe same })otejitial as tlie iyiode. The leader is recommended 
to study the chaiacteristic curve in conjunction wjth 
ex])lanation i^ivim in the previous ])ara^caj)h. 

It is to l)e noted 1 hat sometimes the curve dcies not <io below 
the Jiorizontal axis r('])resentini* zero ])late (current. The 



ellect of varying the anode volta<i(‘ is, in general, to shorten or 
hmiitheli tlie ranju;e of thi* nei!ativt^ resi.stanc.e part of the cuj-v<\ 
wit Jiout chipi^inii the \'aluc of thr rie^ativa resistances V'aryinir 
th(i filament current, on the other hand. c*]iaji,i;es tlu' nei;ative 
r(‘,sistau('e only, without alfeetini» tin* rane(‘ or the operatini; 
point. 1’Jiis afiords a nu'aus t>f adjust iiu: tJie ne^^ative resist- 
auee •totally desired value. ^ • 

Voltage Amplification with, the Dynatron.* — Thcj dyna- 
tron is cajjable of bein*; us(‘d as a voltage amplifier when 
the operating point lies on Ibe portion CG of tlui charaoteristic 
curve. If a dynatron is coniUMjted in series with a circuit 
* A. W. Hull. /W-. vol. <i, I, n (Fel). l‘H8). 
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contaiTiiiii* a jxAitive or ordinary resistance, total resist- 
ance of the circuit is the*al^ebraic sum (ff the positive aiid*De^a- 
live resistances, and may be made as smdl as desiit^d by makin^^ 
the positive and nej^ative i-esistances nearly equal. Such a 
cii-cnit has very interesting properties. For, ^hile the total 
resistance of th(^ circuit is very small, that of its parts, indi- 
vidually^ is not. Hence a sriiall chaii<«:e in the K.M.K. applied 
to»the whole circuit will (‘.ause a Sompayitively lar^e change 
in cuftcjit, and therefore in the E.M.F. across each part 
separately ; i.t, the circuit acts as a voltages amplifier. 

Let us ermsider the circuit of Fig. 336. Tlie one battery 
II serves to givy the ant)de A 
a suitable })()sitiv(^ voltage. 

A tapping is taken from TI to 
•give the plate V a suitable 
positive ])otontial. This 
arrangement makes it un- 
necessary to have two bat- 
teries. An ohmic resistance 
II is connected in series with 
a dynatron having a lu^gative 
resistance which may be rf'- 
pr(\sented by r. For the sake 
of simplicity we will si^fipose that the dynatron is operating 
at the point E of its cui ve (Fig. 335). The plate voltage is 
now such that the plate current is zero. 

If an el(M*.troni()tive force E be impressed across the com- 
bination of R and tlie dynatron, causing a (airreut I to flow 
and a voltages drop rq in the ohigiic resistance and 62 in the 
dvuiatibn, then 


Fkj 330. — Ti» (*xi>laiii voltage amj)Ii- 
licatioii by iiu'aiis of a dynatron. 
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is the ratio of the v(jltaf?« across the ohmic resistanoe to the 
total voli»j»o a}>plicd, that i^ to say the last er^uation repre- 
sents the voltage amplification.* Tills can evidently bo made 
as large as desired by making f and 11 nearly equal, since r 
is negative. 

With constant batteries, an amplification of 1000-fold can 
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easily be obtained. Foi* example, if K repKJsbnts a resistance 
galvahoincter of 2,0(K)'olims or more, an E.M.F. of 0*01 volt 
impressed at the teriMjnals of the combinatiQn will cause an 
E.M.F. of 10 volts across the galvanometer, with corresponding 
amplification of galvanometer current.^^ 

The Dynatron as a Current Amplifier. — Since the 
d\Tiatron is capable of neutralising the resistance of p, circuit 
it will be obvious th(».t an a*rrangement can be devised having 
practically no resistance whatever. Fig. 333 shows sfich an * 
arrangement. If the dynatron is connected in 'parallel with a 
circuit containing positive resistance, the total conductivity 
of the circuit, whi(*h is the sum of tht3 positive and negative 



Fkj 337. — The dynatron as a ^ 338.-- The dynatron as a 

current amplifier. voltage amplifier. 
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conductivities of its parts, can be made vefry small. In the 

circuit of Fig. 337 a cuirciit 1 j)asscs through the combination. 

This current is made up of a current ii thi'ough the positive 

resistance li and through* the delation. The current 

. -E . E 

== , while • 

K • r 

Therefore . I = 

• From this w(* see that the “ current amplification ” 

• h ^ ^ , 

' I ■ ~T f n 

wliich may be made \efy lafge by making f and 11 neaily 
equal. ^ 

Practical Dynatron Amplifier.— In British Patent 15555/15 
(Nov. 4/15), the first of the dynatron patents, the General 
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blectric Coinpaij^ (IJ.S.A.) describe the ainplilier circuit shown 
inFig.SSa *• 

A batter)^ is employed to impress a constant positive 
potential iipon tlui anode A. A battery H2 is also em- 
ployed with a resistance B. in series therewith to impress 
a positive potential upon the third electrode (the plate) 
of such ^ a value that the device will operate at a point 
on, the portion GG of the curreift curvp given in Fig. 3115 . 
TransfRrmer T1T2, the primary winding of which is con- 
nected to the^ source of potential variations which it is 
desired to amplify, will impress a variable potential uj)()n the 
circuit. When, the con^iections are made in this way and no 
potential is supplicid by the transfbrmor TjTs a ceitain definite 
current will flow in >he circuit. When current is flowing there 
will be a drop of potential through the resistance K and the 
difleren(;e of potential between the cathode and the third 
electrode will be equal to the difference between this di‘op and 
the potential of battery 112. resistance R is greater than 

the negative r<\sistance r of the dynatron and if the additional 
potential supplied by the transformer T1T2 is in the same 
direction as that supplied by ba’ttery II2, the first effect of the 
additional potential will be* to increase the drop in potential 
through resistance R and cause the plate to become less 
positive with respect ^o the filament. As a result, mori^ 
current will flow in the circuit. With more current flowing 
the drop across RJnereases and the plate becomes less positive, 
causing a further increase in the current. When a point has 
finally been reached ai which the current becomes stable 
the charge in the potential difference across the resistance will 
l)<j much greater than the potential applied by the transformer 
T1T2. • The degree of amplification, or the rate of change in 
potential across the resistance R with changes in the potential 
applied to the circuit depends upon the ratio of resistance R 
to the difference Jbetween resistance R and the negative 
resistance r. l^he closer these are to each other in value the 
greater will be the degree of amplification. If the resistance 
H is less than r the same^will hold true, and the aq^ioh will be 
like that just described, but tlije effect of the additional potential 
will be to decrease the di’op thrcnigh resistance R and decrease 
the current flow. While in the above explanation the current 
has been considered as reaching its stable vabu- by a series of 
gradations, it actually reaches that value immediately and 
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res])()]ids to all voltaic', variations no mattei-*liow sliort tlieir 
duration. If the extiU potential supj)li(^d hy T 1 T 2 is in the 
opposh-e direction to*tliat of batterv Mo tl\e action will hh 
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just the reverse oS that a-hove 
described. 

Tlie Dynatron as a Gene- 
rator. Practically all nega- 
tive resistance devices ^are 
ca])€al)le of beiii.i; used ds i;en(*- » 
rators of continiU)US waves. 
The ordinary oscillating arc 
possei^S(\s iiei»ative resistance 
charai‘teristics and if an 
oscillatoiv cir(*uit be con- 


Jiected across the arc, cojjtinuous oscillation will be set up* 
in the circuit.* Similarly if we conn(‘(*,t /in oscillatory 
circuit across a dynatron (Jj(‘ latter will act. as a ^enerr.tor. 
Fi;i. shows the dynatron as a <ien(‘rator of continuous 


wav(*s. ^ 

The Dynatron as a Detector.- In Pritisb Patent 114539 
(June28 J7).anotliei iiseof tluMviiatron is^iven. It is shown in 
use as a (letf'ctor, and Fin. 1 (d 1 lie^.Npecilication is redrawui here 


Y 



HKf. Tho (lyii;nniFJ m ijsf- us u (Ictc-ctor unii us u jtcf'j’vit ol (’ontiiiiKiijs 

W ilVfS. 


as Fi<:. 349.* A positjvci potential is imjnessfid on the anode A 
by means of ll^. By vijiyin>, the*, potcaitial impressed on the 
plat(i P by th(i battery llo, tin*, current in tin*- external circuit 

c 

♦ Sw W. i)u(ldoll’« P.itoit (Nov. 2!»/l'J()(») Ho uls.. kIk.wn 

t,lia.t this profiort.y may ho uaoil lor am|iliiioatiou 
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L^T may bo ina^le to vai-y in tli(i inaiiiioi* described in (connec- 
tion witli h\. 335.* * It will be se(ji? from this curvt^’ that 
if the pot(nitial of tlie plate is increased \\\) to value cor- 
responding tt?) the point C or the ])oint G the current, wh(m 
oscillations are received, will be asymmcctiic 4 i.nd the dewicce 
may be used as a (hctecctor as well as an amplifier. For the 
])ur])ose^of detectin”^ the sij^nals the usual telephone rec(‘iv(M* 
T,j^hunted by a variable coiuhcnsef C 3 , is^inseited in the plate 
(urcuit? 1 'h(c distributed capacity across th(c turns of the 
teh'.phone windinji; olh^rs a low r(\sistance to ladio fre(|uencies 
and hc'iKce tin* teJ(C])hone do(cs not interfccre with the am})lifi- 
cation. The lynh incUic.tance of the t(‘le])houe, howevei*, 
will cause th(‘ circuit to osccillatt^ at audio frecpumcies unless 
its hisistajice also i« veuv In’di- Tluc condenser ('3 acj'oss its 
• tcuTiiinals. however, if ])ro])(‘i*lv adjust(‘d will prevent tluc 
s(‘.ttin<; up of yiuh^sirable aTidio Ireijiu^ncv oscillations. 

The djniatnui used in this way less(‘ns th(‘ dainpirii! of flu* 
oscillatory circuit neutralising lie* rtcsistance of the 

(circuit. (dnse(|uently, much stronger signals are 
just as in the case of retroactive am])]ifi(cation. If the damjuiiu 
is made zero the loc.al circuits will os(*illat(‘ of tJieir own 
accord at a, fr(M|uencv d('t(^rmin(‘d by Lo and ( 2 - 
qu(‘ncy may Ixc made to beat- with iiK'ojuinii continuous waves 
and so make the dynafron a suitable recauver of undanijjed 
waves. 

Tlie G.F.t'. state that the (hmatron us(‘d in the v«ay 
d(*scrib(‘(l abov** fias an imf>ortant adv^antaue ov(‘r th(c usual 
re.ccivinu circuit, namely that the cou])lini; Ixctwec.n L| and Jjo 
may be ]nad(‘ V(‘ry closi* without ajlectini; th(‘ sel(‘(ctivily since 
t.ly‘ necessary condition for hihh s(dectivity, namely a small 
damping factor, may still be pr(‘.^(mt. " 

The Dynatron as a Compensation for Resistance Lesses.f 
III all oscillatory circuits then* is a coiisichuable loss oi 
encruA" due to I la* .r<‘sistance of the circuits. Tliis may bo 
ov(‘r(come l)y tJie corrret use of a dynatroji. In tin* ])at(;nt 
sp(*cilication just T*(*ferred to is anotlmr (circuit in which the 
(lyjia.tron is used to neutralise the ivsistance of the^rAl (;ircuit 
of a thre(*-ele(ctrode vacamin tube. 

Another arrani»(*.meut due t(*) A.^W. Hull is ;;iveii in his 

* conipleio dcHciij>t.ioii of the dynatron see Hhy^iral Rei'few of Jan. 

JDJii, })a.i;(' J4I. 
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paper. Tliis time, the rcHistancc losses in the anode circuit 
of a •i.hree-electrode vAcuum tube are compensated for by a 
dy natron. • • . * 

A further advantage in this connection is that* tiic dynatron 
can be operated at such a voltage that its current is just 
equal and opposite to that of the three-electrode valve, so the 
toi.al current through the circuit is zero^ This allov^s the use 
of a more sensitive mcasuling instiiiment. g 

The Pliodsmatron.-- i§ the name given to* 

a djmatron which has a control electrode or grid close to the 
filament. The negative resistance of the pliodynatron, as 
A. W, Hull states in his paper,* makoc it a powerful amplifier. 
An increase of grid potential* by increasing the current through 
the load in the plate circuit and hence the voltage drop over 
the load, lowers the voltage of the plate. In the ordinarry* 
three-electrode vacuum tube this lowering ot plate voltage 
tends to decrease the plate current and thus opposes the 
effect of the grid. In the pliodjmatron, however, a decrease in 
plate vo^^age means an increase in current, which may be very 
large if positive and negative resistance are nearly equal. The 
advantage to be gained in this way may be large, if the resist- 
ance in the circuit is high. For example, the maximum voltage 
amplification thus far obtained with a three-electrode vacuum 
tube is about 15-fold, while with a pliodynatron in series with 
a suitable resistance amplifications of 10(X)-fold hav(^ been 
obtained. To maintain this amplification requires constant 
batteries and continuous attention. A value of 100-fold is, 
however, v(uy easy to maintain. By connecting two pliody- 
natrons in series a total anjplification of 10,000-fold has been 
obtained. The pliodynatron may be used as a deteMor or 
for Vireless telephony. Numerous circuits are given in 
A. W. •HuHs paper and also in British Patent 117283 
(June 2 17). 

lif British Patent 130400 (Feb. 15 18), the G.E.C. 
(U.S.A.) describe a modified form of pliodynatron in which 
a large number of turns wire are wound round the tube 
f)f a *d}%atron. Modulating currj‘.nts, such as those from 
a miciophone, produce a magtietic fi(ild which (causes the 
electrons to move towarSs tlfe anod(i in a spiral path which 
results in many electrons striking the anode. This form of 
control is described as being used for wireless telephony. The 

• A. W. Hull, Proc . LR.K.^iA. 6, 1, 25 (Ecb. 1918). 
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use of a dynatron in ci)nnection with photo-electric, cell 
is, described in British Patent 147149. , 

An Ordinary Tacuum Tube as a Dynatron.* — An ordinary 
three-electrode vacuum tube may be employed as a dynatron. 
Across grid and filament is a potentiometer* resistance of 
several hundred ohms which is connected across a battery or 
D.C. mains of 100 tor 200 volts, the actual value not being 
maiPeriaJ. The anode is connected to 111*15 sliding contact on 
the potentiometer. If an oscillatory circuit be connected 
between the aiirde and sliding rrntact, c< ntinuous oscillations 
will be set up. in the circuit if the slider be adjusted to a 
suitable posith.ij* lr(jn-cf re and gther low-frequency circuits 
may. also be “oscillated” in this manner. 

• f J. ami J Roc, Klcclricjil HavU iv, Nov. J920 Also 

J. Scott -Taj'jjart, Wireless Age, Jan. 1921. 
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Turner Relay. — An intoresthm ‘‘ va]v(‘ ic'luy " has Ixhmi dvvisc'd 
by L. f>. dhirniM-. N'arioiis t(ivins lia.v«‘%ccn do{#v'i ib(‘d iji Jbilisli 
Patent i‘)()|OS (Feb. ](» 18). and in a ])aiK‘r bejbr(‘ Ihe l]isti- 
tutinn (»f El(^etri('al Kn<i'iii(‘(M*s.* ( )ne anang(*ni(‘-nt wbich yill^ 
serve as an (‘.\a.nij)le is slinwii in Flu, »>1J. Ji- lias jnH'vioiisJy 

be<‘n slLf)\vji t hat- in t lie 

O-i-O — nrdina.ry 

o osidllatinn eireuit the 

* X YvrnnP-* oscillatory eurrejit de- 

— ^ • jxnids largely on t in* 

^ "jr iirid potential and tlu‘ 

-S_ ])osition of tlie o|)(‘rat- 

^2 I I H biii point on tli(^ anode 

I I X enrrent curve. As this 

point is l)rf)u^ht near 
the •bends lh(‘ circuit 
stoj)S oscillating:. It 
Jiow we ^iv(‘ lh(‘ Lirid a 
ncLialivi' jiotential so 
that the operatfni: 
]>oiiLt is \v(*]] to tlie left 
of the ]ow(‘r bend, the 
system will not oscil- 

Fjq. .‘{tl. — ^DiJignim (j 1 TiuiifT Iniifjjf r rrlay. lafe. 11, ]loW(*vei', W(* 

, jadually lessen tlu^ 
neoativ^*. poteidial of the i:rid a jioini will soon be readied, 
justFii^her up than the lower bend* wlu‘r(‘ oscillations suddenly 
conmuuic(‘. to be ^enerai<‘d. • l^iese, oscillations, takiu^j; jilace 
near the lowcu’ bend, are. r(‘c.tilied by the. valvi‘ ajid a lar^e 
inc](;ase. of anod*^ current r(‘.sults. This lar^e incrrasii of 

• * Journal of hirstUuUon of Ehclnval SiJitploiiu iit lo vdI. 07, 

Part 1. 


m 

h|i 


Fjq. .‘{tl. — ^Diagram (j 1 TiuiifT Iniigf r rrlay. 
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anodo current, is usually one or two niilliarups., may be 

made to operate a rc^V or sounder o^ other indicator.' Th(i 
complete valve .relay when adjusted i\) a j)oint< near self- 
oscillation ^ill be “ set off ” by about ()n(‘-fiftieth of a volt 
acting in a j)()sitiv(i diregtion. The circuit is shcnvn in Fig. 341 . 
The grid coil is coupled to the anode circuit coil Lo- Oseil- 
lations jye sei up in L 2 , incoming signal is fed into 

tilt grid circuit by means of the input transfoinier TjT^. 
The j)75tcntiomct(‘r across the filanumt. a('<*unnilator, and tlu‘ 
battery B 2 , ena’ole a suitable negative pf)tential to b(‘. gi vcn,to (4. 
It is t(» be noticed that to enabl(‘ tlu^ valve relay to he worhed b\ 
Mors(' signals it-, will be necessary to bring the valve rela\' back 



Ejg. ai2. - Hosislancv retjoaction iirruit 


to its Iioi nuil suite after cacii sismal. Tliis may be rca(lil.\- doim 
wlicii ooTUK'ctiuu an ordinary relay T such as is used lor tcle- 
,Hi;aph ts'ork in 1 be anode circnit of tin' valve. AVhen 1 be arma- 
ture ofr'r is attracted over to thejeft on aw.ount of th(! iiuflease 
of anode onri-ent, it sboii-circmits the oscillatoj y cir<.iiit LJ'z 
and oscillations eease. The valve relay is now in its normal 
condition ayain. 'Ui'* circuit of the relay is not shown. ^ 
I’lie ]»r(!sent author has susif'ested placiui" the r('lav in the 
"lid circuit. When oscillations commence a urid current of 
about one milliampere operates the relay. * , 

The Kallirotron and Eedra-Jordan Trigger Belay. — L. B. 
'runn'.r also claims, in British J;*ateiA i;J9807 (Ki'b. 17/19), an 
amiilifyint; device in which two valves arc used. The. basic 
iilea is iilirstrated in Fii-. :U2. Tt will he seen that two 
valves are used, coupled by resistances If, and K 2 <>f about 
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70,000 ohms each. Suppose that a weak E.M.F. is applied to 
the terminals XY, which are bridjj;ed by a conducting input 
circuit. If this E.M.P. makes positive, the,anode current oi‘ 
the first tube increases. This results in a negative potential 
being passed on to G 2 . This causes a dpcrease of anode current 
of V 2 . This results in a positive potential at the foot of R 2 ' 
This magnified positive potential reinforces the original positive 

E. M.F. applied to Gi. Large changes in the anode current of 
the second valve are produced by a building up or ^species 
of rejtroactivc action. Batteries Bi and B 2 aic arranged to 
kce[) th(i grid potentials in the neighbourhood of zero volts. 

In British Patent 148582 (June 21/18) W,. H. Eccles and 

F. AV. Jordan describe an earlier case of a rather sinn’Iar use 



B3 


Fjo. 343. — The “ Kallirotron ” oscillator 

t 

of tw^i valves to produce a tri{>ger relay effect. The buildiiig 
up effect in this case is not' stable, but continues until the 
anode current of the second valve becomes a minimum, 
while that -of the first valve becomes a maximum. The 
currents remain like this even after thfe original impulse 
(usually applied through a transformer across XY) has ceased. 
In L. B. Turner’s arrangement (called by him the “ Kalli- 
rotron' ”) the amplification is stable and the anode currents 
return to their normal value on the cessation of the input 
E.M.F.* 

A valuable development of his circuit is described by 

* Ihc relative .':eo|)e of these two uatenis has at the time of writing nut 
been decided by the Patent Office. 
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L. D. Turner. *rt is arranj^emont for the productijm of 
oscillations, and is illustrated in Fi^. 343. negative 
resistance effect is obtained in the anode circuit of the second 
valve, wjiich results in the production of oscillations which 
may be Uvsed for heterodyne and other purposes.* The batteries 
132 which are intended to give the grids a, and Gi 

approxiriately normal zero potentijils by opposing the E.M.F. 
cruis the anode resistances, hav(‘. been eliminated and only 
one anode batteiy is wsed. 

Another negative resistance circuit using two valves* and 
resistances is . descrilx'.d by M. .Latour in British Patemt 
14«995 (Dec. • 

The “Biotron”: A Negative Resistance Device. — The present 
writer has des(;ril)e,tPin British Patent 152693 (July 25/19) a 
^ciAjuit which is reproduced in Fig. 344. In this circuit the 



Fid. :{44 — TIid Biotron ” nej^ative rosiatance device 
(J. Scott-Taggart). 


batterias Bi and B 2 are used to fteep the potentials of G 2 and G 1 
in the iwughbourhood of zero. LeJ us assume tJiat the terminals 
IN are shorted. If we increase the E.M.F. of II, we will 
increase, the potential of Pi. This increase will tend to increase 
the, anode current, of the tube A. At the same tinie, however, 
the giid G 2 is given a positive potential which increases the 
anode current of the vacuum tube B. This increase flowing 
through the high resistance E. communicates a negative poten- 
tial to Gi which tends to decrease the anode current of the 
tube A. Til is effect is much stitingef than that which tends 
to incri^ase the anode current of A. The result is that the 
current* in the circuit PiHilNF, decreases when the E.M.F. 
of Hi increases. In other words the circuit possesses negative 

2 E 
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resistance chaiact(Misti(;s, and if a circuit ' having positive 
resistance be inseited across IN, this 'positive resistance may 
be neutralised. The (*ircnit may be utilised for numerous 
purposes, as an am])lifi(T, i;enerator of oscillations (in which 
case an oscillaiion circuit is inserted^ between I and N), and 
det(^ctoj‘. 

The “Negation”: Negative Resistance Va?ve. — The 

present authoj* Iuam invented a new vacuum tube* which 
possesses negative resistance characterirth^s. Its aj)pfications 
as an oscillato]*, amj)lifier. detector, etc., are comparable to 
those of the Dynatj'on wliile working on an entirely difl’erent 
j)rinciple. As the j)atents for this valv(*-have not- been 
jmblislied at the time ol writing, it is not jiossihle to give 
details in this volume. 



CHAPTER •XVI. 


RKC EN'r I )EVELOPMENTS . 

A METHOD of ro^-oiviiig wiroless signals dii(‘ to N. P. Hinton, 
li.Sc., is of considorable interest. * 

Fig. 345 show s a simple receiving systcMii in wliich a rejector 
«ir 4 tiiit is used. Tlic rejector circuit is inark(Tl wliile 

the cii’cuit Lofi nil acceptor circuit. Tlie circuit L;jC 3 is 
tuned to tlie frepiency of the incoming signals, which are to 
be received, and the circuit will therefor(‘ reject that ]>articular 



frequency. 44ie ciraiiit, however, will not reject interfering 
fr('quencies which therefore ])ass through it. The inductance 
L 3 is usually of v(*ry small value. ^ 

Fig. 340 shows the a 2 )I)licatioii of the Hinton systefti to 
such a circuit. The rejector circuit <3 now has its danqnng 
reduced to almost zero by means of a valve V, w^hile the 
ordinary receiving circuit is associaleil with the 

inductance ]j 2 in the acceptor limb of tlui aerial circuit. The 
reaction between L 5 and L 3 is so adjusted that tln^ valve V is 

419 
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on tlif verge of oscillaiion. ITnidcr the^e conditions, \yhen the 
circuit tuned to the desired’ incoming signals very 

gi’eat selectivity is ol)f.aiiied. 



P"ig. 1 347 shows the ])ractical circuit which lias been 
extensively us(*d liy the Britisli Post Office. In this case t>h(^ 
circuit connected in parallel with the closed cii'ciiit 

Lj( 'o, and the reaction coil Lq is cou])led to the induct-anci‘ Ij^- 



Fig. 347. — A receiver employing a jiaruUel rejector circuit with reaction. 


The Hinton receiving method is also generally applied to 
low-frequency circuits when continuous waves ar^ being 
received. Fig. 348 shows a low-fre({uency anqilifier in whicih 
a low-frequency rejector circuit T^C ' is (»mploy(‘d. This circuit 
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is couiKicted iii yrarallu^ with tho telephone receivers T and acts 
as a short circuit for dll frequencies other than the (fesired 
note. This ^jota is rejected by the circftit TjC!, and therefore 



Fio*.‘{48. A low-froqiinfcy rejcclor circuit. 


ipjl^sos tJiroiigli aiul opciratcs the i(‘le|)liom\s T. Notes of other 
fr(‘(|uencies, however, pass tliroiigli tl)(‘ inductanoi'. T.j, and this 
circuit tli(U’efon‘,acts as a short circuit for these freipiencics. 
Fig. 1)19 shows a, c.oiiiplete receiving system in which both 



Kill I{4t). A coinplotc receiver using radio- and audiu-freciueney it)je(5tor circuite.^ 


higli- and low-fre(iuency uc^ector circuits are eniployeB. , The 
set is remarkably effective. 

Double Reaction.— A useful t^irciflt which, in some cases, 
is fouled to give appreciably loud(;r signals, has been used by 
the writer and is reproduced in Fig. 350. In this circuit 
reaction is introduced from the anode circuit of the second 
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valve on to the tuned anode #ircuit LjiJ,, aid also on to the 
aerial ciicuit LiOj. 

A Special Valve.— 1-1. P. Donle has publishcd^a description 
of a vacuum tube which is stated to be ('xceedin^iy sensitive, 



Kic .‘ir)0 Ilcnclini) Is ii|>|)liO(t to the aerial eir(*uit and the n^jeetor 
lireiiil l»\ t\No nsietioj. (•oll^ eoiiiu'ited in series. 


and wliicli ojK'i'alos (dTecdivelw. as a rectifier. This tiihe 
contains an .‘inode in the form of metallic sodium in tlie bottom 
U)f a tube. An ordinary filameut Is used and tlic control 
electrode is the grid (’ consisting of a semicircular metallic 
pli'te. 



Flo. 1161 . Fireuil |f 1 }iq la'-w n‘ef,Uier tiilie. Note llio 
resist a jiee in series witli the tilament. d'he current eon 
sumption is about the winie as that of a standard tube. 


A heater wire H in Fig. 351 is for the purpose of warming 
the sodium. 
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Two Interesting Dual Amplification Circuits.— Two dual 
amplification circuits 'wliicli have Ifeen described b^ tlie 
present writer, ^nd which have achievfjd very great success, 
are describee? below. 

The first is illustrated in Kig. 352. It will he seen that the 
first valve acts as a high-frequency amplifier with r(‘action 
and alsq as a low-frequency amplifier. The second one acts 
as^i low-frequency amplifier alone.* , 

A Tcsistance K oj l()0,0fM) ohms resistnnee is conncH'ted 
across thegrid and tli(‘ positive sideof the filament accumulator. 
The purpose of this resistance is to stabilise tlui circuit and to 
prevent howling. , • 






Bim 


Fi(’,. a52. — A |jractical diial-aiu])lilicati()ii circuit. 

Another dual amplification cq;cuit is shown in hig. 353. 
Jn this* case the first valve acl!s as a high-frequency amplifier, 
and isuijupled to the second valve by means of a tuned aMode 
cinmit. Tlie second valve, in this case, acts as the detector, 
wlu'reas in tbi; preceding circait a crystal detector w;as employed 
for that purpose. ,ln the anode circuit of the second "valve 
have a reaction coil L-j which introduces reaction into the 
tuned anode circuit, and also the primary of a step-up intor- 
vaJve transformer, the secondary of which is includftl in the 
grid circuit of the first valvf which acts as a low-frequency 
anq)lifier as well as a high-lFreqifency amplifier. Signals 
obtained with this circuit are very good, and, if desired, an 
additional valve used as a low-frequency amplifier may be 
added. In this case the primary of a step-up intervalve 
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iraiisfornier is connected in plucc of a loud sjJcaker shown in 
the circuit. 

Both these circuits may be modified by the^ addition of 
low- or high-frequency stages of amplification. * 

The Armstrong Super-Regenerativ^ Circuit. -A type of 
circuit wlvch has had a considerable vogue is that commonly 
known as the Armstrong super-regenerative circiiijt». This 
circuit takes many fa^ins, but the principle, briefly, is that the 
reaction ellect is increased beyond the sfage wliich orJinarily * 
is tho linnt. beVore self-oscillation commeiiees. Bclf- oscillation 



Flo. 353. - A I'ullox circlet ciuployiiiK valve riictitcalion. 


is aclually prevented by introdueing dainjiing at a nU‘dium 
frequency which may be 5000 times jier s(*uon<l. This 
damping may be introducijd by a valvci oscillating at s(‘mi- 
• low-freqiKiiicy and varying tin* grid jiotwntial of the, valve 
which produces the reaction. 

The following description is taken from a rajier by K. H. 
Armstrong, read befon; the InstitufiJ of Radio Enginerns. 

Before procei^ding with a di^ijcription of this method, it is 
in order to consider a few fundamental facts about regenerative 
circuits. It is well known that the effect of regeneration — 
that is, the supjilying of (me.rgy a circuit to reinforce the 
oscillations existing therein — is equivalent to introducing a 
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negative resistjfnce reaction in the circuit, whicli neutralises 
positive resistance reaction, and therflby reduces the effective 
'resistance of thfj circuit. There are three conceit^able relations 
between t4ie negative and positive resistances — namely, the 
negative resistance in^jroduced may be less than the positive 
resistance, it’ may be equal to the positive resistance* or it may 
be greater than the positive resistance of the circuit. 

• We will consider what occufc in regemerative circuit 
contalhing inductaijce and capacity when an alternating 
electromotive* force of the resonant frequency is sucldenly 
impressed for each of the three cases. In the first case (when 
the negative lu^istjance^ is less than the positive), the free and 
forced oscillations have a maximum amplitude equal to the 
impressed E.M.F. ■f)ver the effective resistance, and the free 
• cftcillation has a damping determined by this effective resist- 
ance. The fiiteady state is attained after the initial free 
oscillation dies* out and continues until the impressed E.M.F. 
is removed, when the current dies out in accordance with a 
second free oscillation. The maximum amplitude ^f current 
in this case is always finite : it; reaches this maximum amplitude 
ill a finit(5 time, and when the impressed E.M.F. is removed 
the currc'iit dies away to* zero. This is the action of the 
circuits which are now in everyday practical use. 

In the second case Jihe jiegative resistance is e(|ual to tlfe 
j)Ositive resistance, and the resultant effective resistance of the 
circuit is therefore zero. When an E.M.F. is suddenly •im- 
pressed in this case the current in the circuit starts to increase 
at a rate which is directly proportional to the impressed 
E.M.F. and to the square root otthe ratio of the capacity to 
the inductance of the circuit (^or a given impressed frequency). 
If the'E'.M.F. is impressed for aft infinite time, then the ciJrrent 
ill the circuit niaches infinity. If the E.M.F. is impressed for a 
finite time, then the current reaches some finite \alu(‘. When 
till' imjiressed E.M.F. is removed, the current in the circuit at^ 
that instant continues indefinitely with unchanged amplitude 
as a free oscillation. Tlieoretically, this is the limiting case 
for regeneration ; practicably' it is always necessary ojieratc 
at some, point slightly belo\^ this state at which the circuits 
have a definite resistance. 

It^is important ’to note here that although the circuit" of 
this case has zero resistance, oscillations will not start unless 
an E.M.F. is impressed upon the circuit ; furthermore, that 
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* oscillations once started continue with imdiminished amplitude 
indefinitely. This stat(j cannot be aVtained in practice, 
because the liegative •resistance furnished b,y the tube is' 
dependent on the. amplitude of the current and «for stable 
operation decreases with increasing aiiiplitud(\ 

Tn th catbird case the negative resistance introduced into 
the circuit is greater than the positive ^resistance, and the 

* effective resistance of,th(‘ cifcuit is thiTcfore negative. Whjm 
an E.Al.F. is impressed upon a circuit in this condition,'^ frin*. ' 
and forced oscillation an* set up which have some interesting 
properties. The amplitude of the forced oscillation is deter- 
mined by the value of the impress(‘d K.lM.F. divided by the 
i(*sultant resistance of the circuit. The free oscillation sta-rts 
with an amplitude equal to the forc(‘d oscillation and builds 
u]) to infinity n.'gardless of whetluM* i)r not th(* ».*xternal F.M.F. 
is removed. Tliis free oscillation starts with jiii amiditude 
which is jnoportional to the impressed E.Al.F., and this, ^)ro- 
portionally, is maintained throughout any finite time interval, 
with the constant impressed electromotive force. 

It is important to note that although the negative resistance 
of the circuit exceeds the positive, and the effective resistance*, 
of the circuit is negative, oscillations will not occur until some 
E.il.F. is imjuessed. However, no matter how small it may 
lA*, the current in the circuit builds up*to infinity regardless of 
whether or not the external E.il.I?. is removed. 

i he, fundamental difference between the case in wbich thcj 
resistance of the circuit is n(*gative may be summed u}) as 
follows; In the first, forced oscillation contains the greatiist 
amount of energy, and the, free oscillation is of very minor 
importance (after a short interval of tina*) ; in llu* second jt 
is tin! free oscillation which (vmtains the* gn‘atest amount of 
energy, hnd the forc(*d oscillation which is of negligible 
importancij. ^ 

, It 'is, of course, impossible with })rese;it-day instrument- 
alities to s(‘t up a system in which the negative resistance* 
e-xce(,*ds the* jiositive without the juoduction of oscillations in 
the systfm, since any irregularity^ ^n filament emission or 
impulse jiroduced by atrnosphejic disturbances is sufficient 
to initiate an oscillation* which builds up to the carrying 
capacity of the tube. Jt is, however, pojssible by me^ns of 
various expedients to set up systems which avoid the pro- 
duction of such a paralysing oscillation, and w^hich approximate 
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the th^oreticarcase iji the us«pi of a free oscillation to produce^ 

^ ainplification. 

It is tl^ purpose of this accoiint*to describe a principle 
of o]jeratit)n based on the free oscillation which is quantitative 
and without a lowiu* limit. This new niethofl is based on the 
discovery thnt if a periodic variation be introduced in th(j 
relatioi^ Ix^twegn the negative and positive resistance of a 
circuit (‘ontaining inductances and capacity in such manner* 
that w negative resistance is alternately greater and less* 
than the ])oStive r(\sistance, but that the average value of 
rt'sistance is j)Ositive, then the circuit w'ill not of itself produci*, 
oscillations, l^it /iurifig those ^intervals when the negative 
rcsistanc(‘ is gieater than th(‘ positive*, will produce great 
Jim I )lifi cation of a^i im])ressed E.M.F. The free oscillations 
^'hich are set up during tin* ])(*riods of negative resistance 



jij*eJdirectly proportioiuil in amplitude to the Jimplitude of the 
inqn-essed E.M.F. 1'h(’ vjirijdion in the relation betyeen the 
iK'gative jHid ])ositi\’e resistaqjc*e iiijiy lx* cjirried out by varying 
th(‘ ni'gjitive resistjuicc* wdth respect to the })ositive, by varying 
Ihe positivt* 'resistance* with it^sjx*ct to the negative, *or by 
\’jnying both simultaneously at some freciuency which is 
g(*nerjilly rehitively low coiiij)ared to iho frequency ^of the 
curr(*nt to be amplified. • 

These three* methods of producing the super-regenerative 
stiite are illustrat(*d by Figs. 354, 355, and 356, w^hjeh figures 
indicate the* general scBcuiie of the system and the methods 
varying the r(*lation betweejp t|je negative and positive 
r(*sistanc(?. Fig. 354 shows a method of varying the negative 
j(*sis^anee jiroduce'd by the regenerative system by varying 
the voltage of the phite of the tube by means of a second tube, 
the grid of the second tube b(*ing excited by an E.M.F. of 
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suitable frequency. Fig. 355 illustrates ^ method of varying 
the positive resistance of the circuit ' with r('.spect to the 



Fia 355. 


negative. This is acconiplislied )»y coniiec.ting tlie ])late 
circuit of A vacuum tube in parallel to tli(‘ tuned circuit of tin? 
regenerative system and exciting the, grid by an of 

suitable fr(*(|uency. Kig. 355 illustrates a combination of 
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provision inacl^ for adjusting ndative phases of tliese two^ 
variations. *• • • 

A general .idea of the phenonietia oceuil’ing in these 
systems \fhen an E.M.F. is ap])lied to input circuit will be 
obtained from the diagram of Fig. 357, which aj)plies specifi- 
cally to the* circuit of Fig. 354. This figure illi^ptrates the 
])rincipj),l rcJations existing in tluj system in which the positive 
resistance is constant ami the vacation js introduced into the* 
iKigatTve resistance. ^ It will b(‘ observed that the frequency of. 
variation ^l])|)^ars as a modulation of tlu^ amplified cun;ent so 



Ejc. 357. 


that the output currcuit contains currents of the impressed 
fnMjUiMicy i)liis two side frecpiencies differing froin the funda- 
MK'iital l)y tlu‘ fr(*(|uency of the variation. • ^ 

OscillograTiis of the essential current and voltage relations 
existing in the systems of the typ(i illustrated by 1^'igs. 354 
and 355 were obtained with Rhe set up of aj)paratus itlu^trated 
in Figs. 358 and 359 respectively. In the arrangement of 
Fig. 359, in order to pi-oduce sufficiellt variation in the positive 
resistance of the tuned circuit, which was of large capacity 
and low inductance, it was necessary to use a two-electrode 
tube in series with the auxiliary E.M.F. 
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Two oscillograms respectively for a negalivc resistance 
variation and a positive rVsistance vaiiatioii witli the signalling 
E.M.F. impressed about half-way along the hlni^ the exact * 



point at which th(‘ key was closed being iiidicat(‘d by an arrow, 
show phenomena which are in accordance vith the exj>laiia- 
tions already given, but in addition sliow evidence of self- 
excitation. It has been sta1ed*in th(‘ 2 >j(*ceding pages of this 
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account that- the basis of super-regiuieration was the disc 9 ^ ery 
that a variation in the relation b(5tw(‘(‘n the negative* and 
positive resistance prevented a system which would normally 
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oscillate violently from beconwng self-exciting. An exainina-^ 
tion of*the oscillogranfs will show tlial this is not stiictTy true*, 
*as a free os^lljation starts every tim% the resistaiuM? of tin'. 
cij‘cuit becomes negative. It will be observed, howi'ver, that 
this free oscillation i^ small comjjared to that produced by 
the signal, and therein lies the com])lete explanakon of the 
operation of the system. The free oscillations produccid in 
tl^e. system when no signalling jJ.M.F. is impressed must bes 
initialed by some of op(‘ration of the vacuum ‘ 

tub(*s and mifst start at an am])litude ecpial to* the amplitude 
of this disturbance. This initial value is of inlinitesimal 
oid(M' and hein‘.e, yi tlR* limited time interval in which it can 
build iij) the locally excited oscillation, never rea(*hes an 
anij)litud(‘ compaifllble to the oscillation set up by a signal 
’ <ff any ordinary working strength. 

There is 4 s(‘cond point of interest which is most evident 
from the oscillograph curves. There is a decided lag in the 
maximum value attained by the free oscillation set uj) by a 
signal and the maximum value of })late voltage® (negatives 
resistance) of the amplifying tube. This is most evident from 
th(* ])late current curve. It is a ])()int of considerabh* 
intcu'cst, and the ph(uiome#ia involv(*d will be analysed in a 
latei' ])art of this (^hapter. 

The iat(‘ of variatiejn in^the rdation between the negative 
and ]>ositive resistances is a matter of great importance. It 
may be at sub-audible, or super-audible, or audibhj frequenfcies. 
In radio signalling for the reception of telephony, the variations 
sliould be at a su])er-audible frequency. For modulated 
continuous wave tehigraphy g,ndt spark telcgra})hy, to retain 
t^e tcfhe characteristics of the signals, it must be well above 
audibility ; for maximum amplification a lower and audible 
rate of variation should be used. In continuous w^ave 
telegraphy, where, an audible tone is required, tli« variation is 
at an audible rat^ ; wdiere the operation of an indicating^ 
device* is requiied a sub-audible frequency may be best. The 
choice of fr(*(piency is a compromise, })articularly in telephony, 
since obviously the lower^J^e frequency the greater the amplifi- 
cation, and the higher the fi;pquencj the better the quality. 

Some practical forms of circuits are illustrated by Figs. 3(50, 
3(51, jjnd 3(52, which illustrate respectively the three types of 
variation. Fig. 300 shows a method of vjiving the plate 
voltage coupled into the plate circuit. In this arrangement 
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a third tube acts as a detector. Tliis is essential when an 
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introduced intd the positive Kwistance of the tuned jircuit. 
This is done by nieaiis of an oscillating tube O, the grid 
*circiiit of w]iicU is connected tluough flie tunccf circuit ]j(- of 
the airujlifying tube K. The variation in tlie resistance of the 
circuit IS effected thrgugh the variation in foteiitial of the 
grid of the oscillating tube. During that half of «the cycle, 
wlien t^e grid ^)f tli(‘ oscillating tube is positive, eni'igy is ^ 
^vi^;hdl■a\vn froni the tuned circuit in thcHonn of a conduction 
currciTl from tlui grid to the filament of the oscillating tube, 
thereby incrcAsing tlie effective resistance of the cwcuit. 
During the other half of the C 3 ^cle, wh(‘n tlu' grid of the 
oscillating tul)^ is, negative, no ^conduction current can flow 
through tlie grid circuit of th(‘ oscillfiting tube, and hence no 
resistance is introdiUced into the tuned circuit of the anijilifying 
•tfibe. In this case the amplifying tube serves also as the 
detector for aciy frequiincy of variation, as the tuned circuit 
forms a sufficiently good filter (*ven for an audilile fre(|uency 
to jirevent a disturbing audible tone in the telephones. Kig. 362 
illustrat(‘s the cas(i of a simultaiK'ous variation in botti jiositive 
and n(‘gative r(‘sistance. This^is accoinp]ish(‘d by providing 
the amplifying tube Tl with a second feed-back circuit Li(-i and 
adjusted to oscillate fit some lower frequency, thereby 
introducing a variation in the negative resistance through the 
variation of the plate potential of the amplifier and a variation 
in the positive? resistance by nuians of the variation of the grid 
of th(‘ amplifier.,. The proper jffiase relations bctwe#*n the 
n(*gati\'e and ])ositive resistance are obtained by adjustment 
of the ca|)acity of condensers (-j and tiiul the qpupling 
betw(‘en and L^. In operatioi»this syst(‘m is veuy critical, 
awl extreme care is necessary in order to obtain the super- 
regem‘fative stA-te. • , 

In each of the preceding cases the detecting function has 
bi‘(?n carried out either by a separate tube or by means ^f the 
am])li lying tu be. ^dien a super-audible frequency of variation 
is enqijoyed, it is sometimes of advantage to perform the detect- 
ing function in the oscillating tube, and a system for ^sarrying 
this out is illustrated in Fig.^ldh. The ojieration of this s/stem 
is as follows : Incoming signals are ijjiiplified by means of the 
legenerative action of the amplifier tube K, and the variations 
of po^ntials acios^ the tuned wave frequency circuit LC 
inipiessed upon the grid of the oscillating tube 0. These 
oscillations are then rectified and two frequencies are produced 

2 ¥ 
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in tlie circuits of the amplifier tube. 690 of these frequencies 
corrcsj)on(]s to the frequency of moduiai-ion of the signalling 
wave. The oflier corres])onds to the frequency of tjie variation’ 
and contains a modulation in amplitude corresponding to 
the modulation of the transmitted wave. This second 
frequency»i‘is them imj)n‘ss(‘d ujxm the circuits of the*- oscillating 
tube with which it is in tune, amplified^by .the regqjicrative 
action of th(' system ivetified. The 

anqJification obtainable'^ witJi this Ibrm of system fs con-* 
sideiT.bly greate‘r than that of the* single* a,inplifie.*atie)n enruits, 
but is naturally more e*om plicated to ope*rat(*. 

Whem a supe*r-audil)le variation is emple)yeel in a systeju 



such as illustrate*d in Fig.- 3o4 it is ge*ne‘rally neee*ssary te> 
introduce a eeutain amount e)i' re*sistaiie*(* in the lune*el eirc’iit 
to ensure the dying out of the fren* e)seillation elming the? 
interval when the resistance of the ciie*uit is f>ositive*. Tliis is 
most^ eifi’ect-ively carried emt l)y meians eif the* arrange*inent 
illustrateid in Fig. 304, in wliieli a se*ce)nelary coil \jy xd’ large 
inductance and high resistance* is ce)Uj)led to the tuned ciieuit 
L(! and the; ene;rgy withelrawn there;by fmrn the oscillating 
circuit stepped up and applieiet t(» ihe griel of the tube. In 
the operatie)!! of this svstejii a curious ])henome*non is en- 
countereel. This is the* jnanife\station of an inductive react jeui 
by the plate; circuit of the amplifying tube to the auxiliary 
fr(‘quency K.M.F. supj)lie*d the* plate; circuit l)y the oscillating 
tube. This conies about in the following way : When the 
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auxiliary E.M.F. is impreaseS lipon the plate of the aiiiplifyinp;*^ 
tube, a current is prorfiked in this tube*in phases with th(» E.M.F. 
across th(»- t^b( 5 , Now suj)})0s(5 the plafe voltage is at its iiiaxi- 
inuin ])osi#ive valii(‘. 'J'his means that the negative i‘(*sistauee 
of the circuit is a maxynimi in amj)litud(\ This in turn means 
that the average value of the grid is b(TX)ming mc4'e positive 
and current in. the plate circuit is likewise increasing. 
Since the freu' oscillation in the sysfem willincrensc' in a.mj)litu(ie 
as loi3^ as the resisttyice of the circuit is iKigative, it will ri'acli 
its maximum*am])litude after the maximum pbsitiv(‘ V44)ltage 
is applied to the ])late. Hence 1lu‘ comjxmeiit of current 
corresponding /o ijie ffecpiency of the variation s(‘t up in the- 
plate circuit by the rectification of the radio-frixjuency 



oscillations lags Jn ])hase beliind the auxiliary E.M^F.*iin- 
pr(‘ss(‘d on the plate. Hence tin* ])lat(‘ circuit of the. tube 
manifests an inductive redaction to the auxiliary E.ftl.K. It 
was found that this inductive^ rci^d ion could b(' tuned out by 
lUeans of the parallel condenser 0] with tin* great improvement 
in tin' .stability of the operation of tin* system and increase 
in the signal strength. The resonan(*e point is ])rdnounced, 
and onc(‘ tin* edher adjustments of the systeiv have been 
coi i (*ct]y made is .as readily found as any oj-dinary tuning# 
adjustment. 

The Negation. -The negatron, one of the^ present 
author's inventions, is thermionic tube having two flat 
anodes, one on each side jof a filament. Each anode is 
conne(‘ted through an anode iTattery to the filament so that 
the (J(‘ctrons emitted by the filament, when it is heated to 
incandescence, are distributed fairly ecpially I'ctween the two 
anodes. A control electrode, which may be a flat grid (or 
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soinctinies a straight wire actiF-g as a ^rid), fs also arranged 
within the tube between tJie filament and one of the anodes. 
This latter aiiode will be called the “ diversioij a^ode,” while 
the first one will be called the “ main anode.” If we suitably 
arrange the relationship between the electron emission and the 
anode voltages, we may make the sum of the tw'O anode 
currents apiiroximately e(]ual to the electron emission. In 
other words, a satination 'effect is obtained. Under tht^'i^e 


conditions, if we^,mak(‘ th(‘ grid more’ 

§ »• ])Ositive w’ith res])ect to the filament, 

we shall div(‘rt. (Sections from the 
jj/ main anode tt» thp djyersion anode, 

I, with a cons(‘(pient reduction in the 

current flowing in the main anode 
B circuit. In the iiegatron as prcfftnabl / ' 
/ used, the main anoch^ is connected to 
the grid so that when the main anode 
voltage is increas(‘d the grid [)otential * 
is increas(Kl, ehrtrons are divcn-ted 
from the nuiin anod(‘, and the main 
c anode current decr(‘ases. II(‘nc(* tin*. 

^ n(‘gative resistances ( 5 ff(‘ct. 

Fig. 3 ()r) illustrates the negatrqn 
tube itself. l]^ie anf)de on the left is 
the main anode (usually small), while 
th(s anode on the right is the diversion 
anode. Bet w’(*en tlu‘ filament and th(s 
diversion is a flat op(*n-w^ork grid. A 

Fid. :«i5. - A form of .k-lm "itli a four-pin cap is 

troll valvo liavinj' a /j;r ])ref(*rred, the connection to the ma\n 
zag viregnd; thr control being taken to the metal J>or- 

a single vertical wire. ‘ tioil of the tube caj). A metal spring 

4 on the liolder press(‘s against and 

makes electrical contact with this metal pojtion. 

The action of the negation will be best understood if 
reference is made to Fig. 3()(). wdiich shows a negation con- 
nected up in one wuy so as to ptVsst^ss n(‘gative resistance 
characteristics. Betweer^ the apode A and th(*. filament F 
is a battery B 3 and tw o terminals I N . Between these terminals 
a millianKiter may, for the time being, V)e connected.^ The 
anode .\ is connected through a battery B^ to the grid (}. 
This battery is merely connected in this jiosilion to keej) the 
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grid atji siiitabfe ])ot^tiaI, wliith is preferably slightly negative.* 
,If (t were connected dirc^ctly to A, G would have ^ high positive 
potential vijth«re.s])ect to V. Between F and th(' diversion 
.anode B is a second battery J^2* Both B3 and B2 are usually 
of about OU volts, but their values are not* very important 
provided that the current su))plied to the fiIament*F may be 
adjusted to produced the saturaticyi effect. ^ 

• us now see what will happen if vAi increase the voltage 
of B;^. We should normally expect thh current to A to increase, * 
but as the potential of A increases so does that of the grid G. 
Sinc(j G becomes more ])Ositive, the current to B will increase, 
and this increase coulfl he im^asured l)y conm‘pting a s(*cond 
milliameter in the B anode circuit. 1'his method of varying 
^ the current to 1^ is^ of course, w(dl known, as it has been used 
in ordinary tubes since 
the grid was*first intro- 
duced. The 'important 
fact to notice, however, 
is that If the current to 
B increases, the electrons 
which go to B must coni(‘ 
from thos(*, which would 
have gon(' to th(‘. ano(](‘ 

A. There is, therefoiie, 
a div(*rsion of electrons. 

Jf the anode •current 
increases, the A anode 
eurreiit inust decr(*as(\ Similarly, a decj*ease of the ^ anode 
cuiT(iT\t would always be* acccwnjmnied by an increases of the 
B^ anode current. This effect is conditional on the existence 
of satumtion in the tube. Sinc(‘Tby increasing the po^entrial of 
tin* main anode A w(i have divert(‘d ehetron current to the 
a]iod(‘ B, th(‘ main anode current decreases. • ^ 

There are no w'* two effects which govern the A anode* 
current ; the increase in the A anode j)ot(‘ntial temds to 
increase th(» A anode*- current ; the diversion elTejt, how- 
ever, tends to decrease* the A anode current. The fliver- 
sion effect greatly outwenghfi tjie c^her, and the result is a 
decrease in the main anode current consequent on, an in- 
crease of the main*anode potenti.al. A decr(*ase of the main 
anode potential makes the grid more negative and decreases 
the. current to B ; the A anode curnmt consecpiently 


B 



Ki« — A tdrr-iiit wliicli possosscf. 

livo rosistaiicii obaracttTistics by \^ue 
of tlic action of a nci^atron vaAc 
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incroapes. Tn this wa;^" the •iiogatron, acts as a negative 
resistance. , 

The negatroii, as desei-ibed, works only when the saturation 
ehect is obtained. For Ihis reason, a filament .enrrent 
rheostat is desirable, and the enrrent through the filament is 
adjusted fintil the negative resistance effect is obtained. If 
the filament be too bright, tliere will be no “ robbing 'Vaction ; 
then' will always b(’ a i)lentiful supply of electrons arouHcl^ 



60 85 90 95 100 100 110 115 l?0 

1 a' ANODE J'OLTAGE 

Eic OliT.- .A set of fharac'lcfislic ciiixcs wry clcaily 

cxjilaiii tlic “ni])l)iiig ” atliuii js junessiiiy lor the 

o])orii1i*)ii of tlie iicpitroii. 

* the filament, and an inerea.sc* of grid jiotefitial would nicn'ase 
the K anode current, and tlie additional electrons would come 
from tlu' source around the tilafiiei^t and not from amongst 
those wliich would have gone to* tia* main ano(l(*. The A 
anode curnuit wf)uld, theiehm.*. be unaffect(‘d and no n(*gati\'e 
resistance effect would l>e obtained. 

The above explanaticm is lajiiie out, by cliaracferistie 
curves obtjiined with ttie negatron. three of wliich curv(^s 
are sliown in Fig. 307. The tliick line shows tin* main anode 
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currenj. The Top thin curve ^hows the min of the two anodo 
currents. A brokeS' line represents the diversion* anode 
current, Ijie ^rid is always kept 'fn the neighbourhood of 
zero volts* tlie grid current, is almost z(;ro. The grid is usually 
kept slightly negativ^^, so that the grid cuurent is zero. If 
this were not so, the grid current vrould add itself V) tlu^ main 
anode /;urrent,^and the negative resistance slope would be 
slightly less steej). • , * 

Tf!<‘ curves of Fig. 367 bring out v«ry ch'arly the “ robbing ’’ 
action which •the negatron utilises. The to]) crtrve shoA^s that 
the ii(‘galiv(‘ resistance (effect is obtained while tlu' tube is 
saturated. Si^lce ,th(5 Total (uirrent remains constant and the 
diyc'ision anode current incn^ases (due to the control electrode 
pot.(‘ntia,l rising), The main anode currcmt must of necessity 
decrease, and this is shown by the thick line which slopes 
downwards. • Tlu'. niain anodes current decreases to the left of 
the peak b(‘Cfnjse the saturation ellect is non-existent (a.s 
p]*oved by the top curv(^), and the decrease in grid potential 
produces an incr(‘ase in space-charge circuit. Thf? curve is,* 
of couise, ojily usc^d along its dowjnvard slo]>ing ])ortion, and 
the oscillations will only be ])roduced wlien the jnain anode 
and grid {)otentials are ab suitable valu(‘S. In practice, the 
grid |)otentia,l is usually slightly n(*gati\’(\ and no grid voltagt^ 
adjustment is necessary. ^ » 

'Fo r(‘.count. the. a])plications of tlie negatron would^take 
uj) too much sp^e. The main use of it is as a generator of 
continuous oscillations for the transmission or reception of 
continuous waves. It may be used for receiving spark 
sigiKils by reducing the effeyt pf positive r(isistanct‘. As a 
h)cal oscillat.or it is exceedingly convenient, as it will oscillate 
on all.* ranges* from 600 m. t» 20,000 m. (the usual* com- 
jnerchil range) without any complicatc'd switchin]| arrang(*- 
nuuits. The circuit arrangements which have be^n found most 
convenient are shciwn in Fig. 368. I'hese are the same a*s those; 
in Fig. 3()6, except that the two batteries are re])laced by a * 
single one Bo about 60 volts. The main anode A is con- 
nect(Hl through a leak/ gii& condenser ^ 

resistance being connected across grid and filament. This 
leaky grid cond(mser merely rtjplaces the battery l^r, of Fig. 366 
for tlie ])ur])ose of avoiding a high ])Ositive grid potential. 
The filament F is heated by current from the 6-volt accumu- 
latjfir Bi through the rheostat R 2 of about 7 onnis’ resistance. 
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This rheostat is adjusted until continuous Oscillations are 
j)roduced in the oscillatory circuit Lit'/. It is to be noted 
that the div(‘i'.sion anode circuit ])lays no otlijir part in the 
circuit than as a ])ath round which ele(‘troiis are shunted. 

Jt will be of ' nterest, no doubt, to (Remonstrate by nieans 
of curves ifhe fact that the negatron only oscillates over a 
given raiig(‘ of filanu'nt ciirn^nt. Fig. 3()J) shows a series of 
V-liaracteristic curves ^ maifi anode ciineiits are given 
difl‘ei*(‘nt valu(\s of lilame^it current. Th(i negative resi#cance 
effect ,.»disajj])ea*rs com])l('t(4v when the filanu^fit current is 
almv(‘ ampere. Likewise, it disa])pears, for an obvious 

reason, wlien tin* filaimuit cimvnt is vtTv smj^ll. ^An oscillatory 



rif5 ar»S a piactical L'(*iHTa1nr cifcuil a n('^fatri»ii 

, vaciiuiii liil»c; llic rlicn*,iat IJ . jn .uljuslcd tn Ihc ]M>iii( wlicrc 
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circuit will oscillate provided conditions an* such as to come 
within File shaded area, amj no dilliculty is (*xpcrienced in 
pra(;tic(* through the limit(*d range of lilament brightness: ^ 

Aik Amplifying System using Two Valves. The accoj; r, )a i ly- 
ing Fig. ?/70 illustrates an interesting nn'tliod of ainjilifying 
low-fre(pienc^^ current variations without any sjiecial ccmpling 
pxcej)f*that exert (*d hy the (*lectroii path in the valve. Valving 
cunvnts are applied to the grid (Ij of llu* valve Aj, which is 
in(*lud(‘d in series with tlu* grid circuit of the second valv<* A. 
A l)att(?r^ llj ])roduces an eh^ctrdn cmT(‘nt through tlu* valve? 
A between F and (i. the current tlum flowing betwi'en the 
filament Fj and the anod(i*J^, ifi tfie first valve Aj. The (?ftecl 
of the varying jx^Lintials on tlu* grid (), am to cause amjjlified 
variations of [)Ot(*ntial to apjx^ar on the grid (J. and tlum tluise 
are amjdified by tlu* valve A and produce still larger variations 
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through the indicating device 1, which may be a te^ephon 
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-(’]iiirai'tenNlic^cuTvo.s showing why the iieg.atr()n will^oiily» 
)scillalf* over a*liiniil‘(l range of tilaineni eurrent. 


receiver. This uicuit is desc.ribed in the author’s iBritish 
Ihitent 1 iVll 1 0 of 1 )ecc*iii ber 13, 1 919. 


Fig 370 -A two-valve amplifier. 

• I 

A Double-Grid Valve Receiving Circuit.— A very useful 
circuit for the rece|}tion of continuous waves, or, in fact, for 
any })nri)osc, is illustrated in Fig. 371, which i.'. taken from the 
atitjior's British Pfitcnt lOSGSl of August 14. 1919. 
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A vacuum tube 19 contains anodjior plate 7, a /'.ontrol 
electrode or ^’id (i, another grid 18, and a cathode T), shown ^ 
as the filament, heated* by a batt(‘ry 8 through* a Resistance 9. 
An aerial inductance 1 is coujded to the induetancb 2, which 
forms part of tile closed oscillatory circuit 2, 3, which latter 
circuit is Connected across the grid fi and filament o. The 
^battery 4, or ]>otentiomcter,^may be arranged, to give the grid 
a suitable operating* ]>ot.ential which should j)referably be 
negative in order that there will b(' no dtKuj)ing of the oscilla- 
tions \ii 2. 3 1o the* esiablishjuent of a grid ' current. In 
the plate circuit is the usual aiWMle battery H), inductance 
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11, and telephone receivers i:h wliieli latt(‘r are |)releral>lv 
shunned by a condenser 12. •Acmss the second grid. 1*8 and 
the filariKUit is connected an oscillatory circuit lo. 14, which 
has in^serfes with it a condcJiser Iti shunted by a high resistance 
»17. The inductance 14 is coujjed to the inductance 1 b, when 
waves are received oscillations are set up in the circuit 2, 
and caiifjj! magnified oscillations to be set u]> in the circuit 1 1, 
th(*se •magnified oscillations being induced into th(‘ circuit lo, 
14, thereby varying the ^notentiiil of 18 at the original fre- 
quency. The variations on 18 will vary correspondingly 
the plate current, and thereby a retroacfive or regeiu'irativc* 
action is olitaine-d, strengthening the oscillations in M, If). 

Owing to the action of the leaky grid condenser Hi, tl^ese 



liKCKNT DeVEIX)PMENTS. 


‘44S 

• • * 

oscillations arc rectified, producing audio-frequency variations* 
of the potential of lo’and thereby producing magnified audio- 
frequency variations of the anod(‘ cumuits which operate the 
te](»])lioTU^? a cond(uiser 12 across which allows tlic free 
passage of high-fi‘(‘q uency currents, liy sftitably adjusting 
the cou])ling bei ween 14 and i 1 , the.se two circuits miiy be made 
to oscillat(i coi^tiiiNoiisly at a freqiuincy d(4.(‘rmined by the^ 
Gonstance of the circuits. 

I f continuous wiwiis ar(‘- being l•eceiv(^d. the local oscillations • 
may l)e arrai!g(*d to form beats with the incoming sigiu^ls. and 
audible signals will be hi*ard in the teh‘|)lK)nes 12. Jt will be 
seen that thefiirciiit 2* 3* may be tuned to the incoming wave- 
length, whereas in most circuits the clos(*d receiving circuit 
is (liu‘ to a slightly difT(‘rent frequency causing inoificiency. 

From the above it will^ be seen that the gild 0 is used for 
amplifying, while the grid 18 is use.d in connection with the 
rectifying prof*(‘ss. Jt may, hoAvever, be desirabh^ to eliminate 
1(J, 17 and 13, 12, and use the second grid 18 also in a,n amplify- 
ing maim(‘r, the* oscillations in 11 being unrectified a^nd capable*, 
of being pa,ss(‘d on to a (Jet(‘ctor or lurther amplifyip.g 
(levnces. 

A Novel Relay Device. — The ])r(‘sent author in British 
l*ateiit 108304 descrilies a nhiy di‘vie(‘ in which a two- 
eleclrodc valve is iiserj. , • 

• A two-eleelrodc thermionic valve is used, and iiqiut 
ciirn'iits are ])a;i^ed through the filament and either heat it 
up to incnnd(*scence or vary its (*xisting degree* oi incan- 
descence. A g(‘n(‘ral change in tin* current to the^anode is 
produced, the anode being jnauitained at a steady jiositive 
|K)t.eiitial with n*si)ect to the filament, in ojx'rating this relay 
it is* pro])os(*d to pass the alternating, or other cuVrents, 
through tin* filament of the two-electrode valve, tin*, filament 
of which is prefei'ably normally cold, or it heated,* ])referably 
nol a bo VI* tin* t(‘mperalure at which electrons commencr* to hft ^ 
emitted. Across the anode and filament is connected a direct 
eui*rent-indicating dt*.viee such as an ammeter or reJay, and a 
battery so connected tluft^the anode is given a positive potential 
with respeel. to the filamcjit.^ Un^der normal conditions the 
iilam(‘iit is cold and no current passes through the indicating 
d»‘vice. Tin*, anqflified currents pass through the filament, 
and if sufficiently strong they will heat the filai-ient to a degree 
o^ iucandesceiuMi. Electrons will now be emitt(*d by the 
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Blamenji and will flow round the»anode cipuit a*nd operjite the 
indicating device. 

When the current ceases to flow through tl^. fyaiiient the 
anode current is automatically cut ofl and the Indicating 
device returns td its normal state. • 

The dcwice has many applications. In general, it will 
Jndicate the ])resence of current of an alteriijiiting nature as 
well as direct currentjf, but its chief application appears to bo 
its use foi* indicating the ])resence of «*scillatory currents. 
For e?«im])le, by the use of trigger relay devices whereby an 
electrical impulse causes a vacuum tube to set up oscillations 
in its associated circuit, by ^includm^ Ihu flUnient of this 
device in one of such associatt^l circuits the generation of 
oscillations will be indicated by the opera tfon of the relay or 
indicating device. . * 



Kic. .*{72 — A relay. 


]?y •onnecting the filament of the deviuj in th(‘ antenna 
circuit of a wireless transmitting station, the preseuct* of 
oscillatiqps in the aerial will be indicat(‘d by the operation of, 
say, an ammet(*r included in*th« anode circuit of the device. 
The intensity of the energy in the aerial circuit may be gauged 
by noCing^the reading of the aflimeter. In this way tlif* relay 
device maj^ be us(‘d as an acuial ammetcT, and it might be 
calibnij^ed by*th(‘ ])assage of direct currents of known strength 
thj*ough the filament. • 

h"ig. shows the valve V containing a filanauit F and 
an anode ^\, a batt(;ry 11 and a diyK't current indicator 1 being 
connected across the two electrodes. • ^IIk* filament F is heatcnl 
by means of input curre%ts. jyid* these, if of an alternating 
nature, may conveniently be sup})lied to the transformer 
T]T 2 , the input currents being led to tln^ terminals •XY. 
When the injuit currents heat the filament F it becomes incan- 
descent and emits electrons. A direct current consecpiently 
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flows in the Anode circuit ajid operates the direct current' 
indicator ], which Ifiay be a galvanometer relay or other 
device ct]:)(iratg:ig off direct currents. ’ Chirrents used to heat 
the filament may be of any nature, but the invention ^vill 
have special utility atj a detector of oscillating or alternating 
currents. ‘ , 

To j*eii(l(*r the i 4 )paratus more sensitive, tlie filament may 
iri its normal state be heated to a temperature just below that' 
at wlflch electron (uyission commences. 1'his may be done by 
a local battery, and a nu'thod suitable fov use of'high-fre^piency 
detection is shown in Fig. 373. Th(‘ filament circuit includes 
a batteiy J^, a yarjabhr resistance li, and a coil Z to chok(i back 
high-frequency currents and force them to ])ass through the 
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Fj(;s. .‘{74 — Hhowinj» ii.st\s of relay. 


filament. The winding T 2 and cmdeiiser (\ together with the 
fiiaiiKUit, cojiifdete the oscilhatory circuit. 

Figf’374 illustrates the use of the devic(i as a high-freqiiency 
ammeter. The filanumt may be connected directly in the 
aerial circuit, or may be an oscillatory circuit coupled to the 
antenna as showik The oscillations in the antenna circuit' 
are shown induced into it by means of the transformers L]Ij 2 . 

A Novel Negative Restetance Device.-- The ai^thor has 
produced a novel negatif resistance device which has shveral 
intei‘(‘sting features. The weytion^is illustrated by Figs. 375 
to 378. A valve containing two anodes and a cathode is so 
arranged that the* current from the cathode is distributed 
between the anodes and so that a rise in potential of one of 
th(i anodes is accompanied by a decrease of current to that 
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•anode owing to a diversion o 4 current to tlifj other anode, 
the diversion being due. Vo an iiicr(*as(' ilf the ])ot(Mitial of the 
other anode. *The seccind anode circuit jnefer^bl^ acts only* 
as a means of diverting the eh^ciron curj*(‘nt. • 

The apparatus is so arranged tliat ^wlien the first* anode 
lias its j)ot4intial increased, a second incri'ase is cojmminicat(‘d 
1,0 the other anode, so that the ])otential a.p|)]ied to the^second 
* anode, even if not giii^ater fiian the poti'ntiaf applied to tl^e. 
fiist. will nevertheli‘ss have thi' stronger (‘l^^ctrostatic attrEction 
for tl4‘ electrolis around the cathodes and will«consecjuently 
draw eh‘(*trons aAvav from the lii-st anodes where'by d(‘cr('asing 
the currents in the first anode* cinviik This^reibbing e fleet 
is olitained wh(‘ii the total current tei the* anodes re*mains 
substantially constant and eepials the, teitai electron emissfem 
freim the cathode, nliich is usually an incand(*si*(‘nt filanu'jjtf • 
The best cemditions for o])era*tion may be, obtained by 
adjusting the* filani(*nt current until rhe re)bbiiig*e*fiect is given. 

In order that for similar potential cliange*s on the* anode the*, 
elitTerent distribution of e‘le*ctrons shall take place*, it is arrange‘d 
that the* s(‘C()nd anoele is preferably cle)se*r tei the filame*n1. than 
the first or main anoele. It is jRissible* to editain the re*sults 
elesired by amidilying the* jiotential increase to the first or 
obtaining seane kind of amjilifving efi’e*ct se» that the* seceind 
afiode.is given a highe*r ]>e>tential tha^i the* first jinode. and 
therefore draws awa}" e*urre*nts winch weuilel have gone to vhe 
first*anjde. The* curre*nt which is then drawn away frean the* 

seconel anode fieiws reaind to the 
cathoele* without usually be‘ing 
ujilise.‘el in any way w hate*ve‘r. The* 
current, eif course*, must not fle);\ 
to^he catheide* through the^peiints 
in the* first anoele* circuit l)e*twe*e;n 
whieh a ne*gative* resistance* e*fl'e*,ct 
is de*sired. ^ 

Fig. slieiws a th(‘rmieaiie; 

valve* \'i having a filame'iit F, two 
aneielejib .E | and A.^. The ariei^le^ 4 )attery Ji pre)duce*.s an 
eh'ctreai curreirit from F to Aj. threaigh V and round F. Like- 
wise the*, anejde battery if prdfluce*s an (‘leefreai cuiTeiit from 
F te) Ao rejund through the galvanoniete*i*, <ir me*asuriiig iystru- 
ment G. and the batte*ry Jl to F. The* elect leni curre*nt from F 
is now distiibuted between the two anode*s, and our de^sired 
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effect is most nlarked when the, electron emission from F equals ' 
the suni of the two ahode currents. *If w(' gradually increase 
the potefitial o| Ai from a negative value upwards, a character- 
istic curve:* of the valve will be somewhat as shown in Fig. 370. 
At first the (mrrent to. A<> will increase, as shewn by the, curve 
AHC of the curve ABf.DE. A ])oint, howev^er, will soon 
be reach(‘d when the anode A^, being ])ositive, will begin to 
d:;aw away electrons from the anode Ao. Tliis point is shown 
just btyond the curve, and beyond the saturation point C the 
current to Ao’ decrc'ases as shown by the ])ortion CDE of the 
curve. At the same time the current to Aj is incii'asi'd. 

Tliis ])lienO|menon w(‘ll known in the arc, and the effect 
is obtainable with the ordinary three-eiectrode valve when tlu‘ 
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grill ]»ot<'Utial is liigli. It is projiDseil ti) utilise tkis robbing 
action, due to the iucreiise of one auode potential, to produce a 
i -gative ri'sistaiicc ellect. It. is jiroposed to operate the 
valve tt some- such jwiiit D ui tlie downward slope jf the 
characteristic curve. 

The two it nodes are jirefcrably in the form of ilat plates, 
one ou each side of tlie lilanicnt. 

b’ig. 377 shows a practical way of arranging two valves to 
obtain a negative resistance ellect. The valve V i is lueferably 
constructed so that the two anodes arc arranged one on each 
side of the filaiue.nt. In the A, anode cireuit is the galvano- 
meter U and battery 11. In the Ai anode cireuit is a valve 
Vo, the filament h'^ of which is connected to the anode Aj, and 
the anode A., of which is connected to a I'atteiy B and a 
filament F. The electron cuiTeut from F now passes to the 



m 


Thermionic Vacuum Tubes. 


"two anodos Aj and A^. The cjirrcnt to the aMode Aj passes 
through the three-el ectr6dc valve Vo to*^uhe filament F. The 
current round this circuit may b(‘. controlled by altering the* 
potential of the grid Go- If the grid Go is madotpositive a 
greater current •^viIl flow round this circuit, or expre?5sing it 
in another* way, the anode A] would be more positive. 
Similarly, if the grid Go be given a negativ(;.potentiarthe anode 
* A] will become less pgsiiive.* The grid Go is connected so tl^t 
any ele(‘tromotive force in seri(\s with 1 1 whjch might l)e applied, 
for exiimple, across the terminals YZ, would be eommunicated 
to Go. 

Sup])Ose, now. we (;onn(‘ct a bat tgr\^ across YZ so as to act 
in series with 11. the anode .Vo becomes morc^ positive, and we 
would expect, if this circuit j)Ossess(*d •)ositive. r(‘sistahce 
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characteristic.s. that the curnmt round the Ao anode circuit 
would increase. At tin* same tinu*. lioweviu-, the grid ({o 
is made hiore positive, thus making the anode Aj moR* ])Ositiv(s 
and this increase of pottmtial of Aj diverts eh‘cti()ns whigli 
would have passed to A 2 . These electrons j)ass round.fhe A| 
anode circuit and are inoperative. To obtain the best diversion 
effect it will usually b(* desirable to (*onnect a vaiiable Jt^sistance 
Jn the* filament current circuit so as to prpduce a satumtibn 
* effect which is favourable to the diversion ])henomenon. 

Owing to the diversion of curnait to Aj the anod(‘, current 
to A 2 *decreases so that change of curt eiit through YZ is in an 
opposite dir(!ction to that (‘Xpected. 

To obtain a negative* Resistance (*tf(;ct in tlui circuit to 
lessen its positive resistance it is ouly necessary to iivdude 
such circuit between the terminal YZ. 

Fig. 378 shows a practical arrangement of the circyit^for 
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the purpose "of producing' continuous oscillations. Tht' 
oscillatory circuit LC'i is connected in the AT anode circuit 
of the vhive and a grid condenser is connected in scries 
with the grid (1^ tin* valve Vo- ennbles us to do away 
with sp(!(.*ia] batt(iries for preventing liigh 'volteges on the 
grid. 



(.'HAPTER XVII. . 

»» 

A NEW INVENTION FOR SELIXTIVE RApiO RECEPTION. ANfl 

THE MINIMISATION OF ATMOSPHERIC INTER^'ERENCE. 

TIh' following description is an iib.s,ti'act of a Pajier read 
by the present author before the British Association, 
September, 1923 : ,, 

A STAGE in the history of radio telegraphy has been 
when those engaged in communication worl: view with 
grave concern the future ])rospects of the art.' Atmospheric 
interference remains an importiint problem, and the ether 
is becoming congested. 

The ether is ra])idly beconung filled with wireless signals 
of all wavelengths, from 50 metres to over 20,000 metres. 
Kven at the })resent day, not a litth; difficulty is being 
ex])crienced in se])arating desired signals from those of 
.s'latio.is working on adjacent Mavdengths. 

JThe syntonisation of wireless receiving a]»])aratus has 
])rogressed considerably since the ivniarkable (>arly work of 
iiodge^and Marconi. The introduction bf high-frequency 
tuned qmjjlifiers has enabled a very high degree of selectivity 
to be obtained. The use '"f reaction has also contributed, 
in no small measure, to the success of modern seh'ctive 
receiving ajjparatus. Notc-ft'equenev tuning has also been 
elaborated and used for commercial long-distance communica- 
tion., • 

^ The greatest achievement, however, in selective rece])tion 
is unquestionably the method of continuous Avave reception 
known ps the “ heterodyne ‘‘ systeiti, invimtisl by Fessenden. 
By t*liis beat method of receiving; continuous waves, not oidy 
is greater selectivity achieved, but a jmre, musical signal is 
obtained which lends itself •’■to Selective reception on tuned 
low-frequency circuits. . i 

In spite, howev(!r,'of 27 years of research work and com- 
mercial exi)erience, even those with the. most iptipiate 
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knowledge of^rnodorn d(»veU)pinents regard the future with 

a certain amount o? a])})rehenRion. * E. F. W.^Alexanderson, 
the Chi5f |jlngineer of the Radio Corporation of .Ajnerica, a 
month^or®two ago made the following remarks ; 

It can now be readily seen that since tln^ability to receive 
distinct signals depends on the separation (ff different 
fre(piej;icies, th^re i» a definite limit to the number of ‘ channels ^ 
oi communication b(»tween stations that can be set up. 

“I.f the wavelt^igths between 11,000 and 22,000 metres' 
are dividend fnto 2 per cent, bands, there are Ilo ‘ channels.’ 
If into 1 p(U‘ ciuit. bands, there an' 70 ‘ channels.' Except 
to^such extent a^^dire(?^i(Wlnl reception will ])(irmit, the numl)er 
of one-way channels open for such long-distance communica- 
tion is limited to«bhe number of these bands. 

The congestion of tjit; ether is, therefore, not a mere 
matter of liking into the future, but a real [)resent-day 
problem. Thti necessity for trallic regulation — at h'.ast enough 
to prev(‘nt reckh'ss driving, so to sy)eak — is just as aj)parent 
as the undesirability of hidebound regulations nuts' such tinu', 
as the limit of possible improvements in teclinicpie have b(>en 
more (h'Jinitely determined. 

“ Such is the present situation in the long-distance radio 
ether. The congcistion is*du(; to the necessity for the use 
of the long('r waves for long-distfinccd work, and the ft|^'.t tlmt 
alHiigh-power stationsfare broadcast stations ; much improve- 
ment is possible jn existing practice, but radically new mefhods 
of operation must also be considered.” 

llaving pointed out the immediate need for new methods 
of sehictive reception, a fe\^ rqjnarks regarding present-day 
methods will not be out of place. 

* Pfesent-day Methods. — When receiving continuous 
waves it is usual to tak(? advantage of two, and often three, 
methods of selective reception. In the first plaoe,’the signals 
art' more or less selectively received by means of high-*^ 
fretpiency tuiu'd Circuits, valvt^ amplification being used for 
the purpose. Heterodyne reception is employed tg convert 
the radio-frequency cufr^nts into musical notes whidi will 
operate tele})hone receivers ^r other indicating apparatus. 
Instead of applying the loW-frequency signals directly to the 
tele|)Jione receiv(j|;s, or like apparatus, note-frequency tuning 
is often resorted to. In view of the musical notes received 
by the heterodyne method of reception, the advantages of 
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both high- and low-frequc^iicy syntonisation are obtainable. 
No meiitiori lias been made ol directive aerial systems, but 
these are commonly employed in long-distance communication. 

That F(‘ssendeii's invention has its limitations L disputed 
by none. Heteiodyne ]ect‘])tion, rcunarkable as it is for the 
selective r(c(‘]jtion of shoit wavelengths, is of com])arativeJy 
little value for the reception of the waves commonly used for 
long-distance conimiii.ication. Nevertheless, the beat metlu'd 
of reception, evi'ii for long wavehmgtlis, is a sensitivt^ on(',» 
and ah .) provides a ])u'r(^ musical note, or. rather, 10vv-l‘re(|ii(‘ncy 
currents of regular wavt‘-form. 

Tlie very imjiortaiit. fact, how(*ver,‘r(‘m;yns that tlu* fidl 
advantages of ]i(‘1(‘rodyiie rec(‘ption are not realised on the 
longer wavehmgths. This, of coursit, is ery unfori-uiiatts 
as long-distance* cojumunication is carried out usually 
wav(‘](‘iigths betw(*en and just over 2th(K)0 metres. 

Tlu*s(‘ wav<‘S have* been found to be most* suitable* for 
communication eiver long distances. 

The ccsn])aj*ative failure of the h(‘terodyiie syste*m on 
commercial wavelengths used lor trans-oce‘fiiiic communica- 
tion lias lelt us dependent, very Iarge‘ly, oji methods ot elijuinal- 
ing signals which involve resonance j>lie‘nojne*na wliich \\e‘]*e 
ap])li(‘d to se*]ecti\’e r(‘cej)tion 20 years ago. 

« Tin* two gjeat landmarks ux the history of selective* 
wir(vh*ss rece*])tion ai*e the utilisation oi resonance phenomena 
and' the reception of continuous wav(;s by means of the 
])roduction of beats. The time* has now come wheJi th(‘se 
trusted methods aie no long(*r sultici(*nt. To-day gove*rn- 
mejits are becoming moie iyid .more ri*luctant to issue n(*w 
wavelengths for radio communication. The ether is already 
overcr()wd(*d. and the allocation of any Jiew wavejengt-hs 
only makes matters worse. There is. with niod(*rn apjiaratus. 
a limit to* tin* (*xtent to which wav(*]ength channels may be 
• adjeacentto each otlier. A ct‘rtain Jiumber of kilocycles jiave 
to sejiarate the frequencies of two different stations if th(‘y 
are not to interfere with each other. ^J1iis jneans that on tin* 
longef wavelengths then; has to, l^e a gr(*ater difftiiencc in 
wavelength between tin* dil¥en*nt stat ions and only a relatively 
small numb(‘j- of high-])()w(*r stji4ion.s can communicate on 
the band of wavelengths betw^een 10,000 and 20,000 \netres. 
In other words, on tin* longer wavelengths, unless existing 
methods are altered, it will only be possible to have a certain 
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number of tratismittinj^ statjAns, and this nunilxu- wjll soon 
be comj)leted. 

We \?finnot increase the wavelefigth us(‘d indelinitidy, 
owing to • innumerable factors, and even if W(‘ eouhi, the 
problem of selective i^‘ception would beconu* Vorst* and worse, 
owing to tlic necessity of se^parating out llie wavf'lengths of 
the stations fa rth eia and f art li er a | )art . ^ 

• A New InVention. — Having ‘oiitliru^d the shortcomings 
of [)i^*sent-da.y apyaratus, 1 propos(‘ to give a V(*i*y brief 
outline of a if invention wliich I pateirted in \lay, but* 

which is publicly described to-day for the first time. 

^The [irinciple^is of*sur*Ji a basic character that its applica- 
tion may affect the whole trtmd of ni(‘thods of sidcctive 
reception. » 

i Tlie invention involves the incn'usiiig, at the receiving 
station, of tJje frecjuency ciifTenmce l)etwe(Ui desiri'd and un- 
d(\sirexl currents. This Inethod of solving the jiroblem of 
selectivity and atmosplieric elimination has nevijr yet been 
a,tt(Mn])t-(*.(j or suggest(‘d. The frcnpiencicis have;* remaiiK^d 
the same, and the- methods whicli have* b(‘(m adofited have 
be(*n ca.lculatt‘d to separate the <lesired from the undesired 
fr(‘(juencies without attempting to chang(‘ tluj actual frecpiency 
of either. * 

According to jiait of n^y invention, the frinpumcy/if the 
incoming currents is •increased, with tli(‘- result that* the 
frequency differejKiC lietween currents of dilTenuit freipiencies 
is increased. • • 

An example will explain more readily what is mea,nt. 
Let us assume that two statipiLS^are working on wavelengths 
of 15,000 meties and 15.1(K) metres. The wavelength 
(Tiifereijce, in tliis case, amount* to 100 metres, a. veiw narrow 
margin, and one which, under ordinary circumstance's, Vould 
lead to the 15, 100-metre signals jamming the J.5,t»00-metre 
signals. Jf now’^ we apply both sets of incoming currents to« 
a freipiency multf[)licr giving ^ multiplication of, say, 10 
times, currents will be delivered to the receiver by ^oth sets 
of incoming currents. "Ply^ *15, 000-metre desired signals will 
set up oscillations’ C(^r responding to a wavelength of only 
1,500 metres, while the 15,00()-mctre signals will be ri'solved 
into signals corresponding to a waviilength of 1,510 metres. 
There will now be 10 metres’ dilference between the two signals, 
but 10 metres’ difference on a wavelength of about 1,500 
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Jnotrcs is ten liin(is more valuable than a dilTerence of 100 
metres at a Wavelength oi 15,000 metres. ' ^ 

The n^imbcn* of cycles' difference is the controlling factor 
in considering sel<‘ctive rtTeption without interference. The 
example of the ir),000-mctre signals b^ing jammed by the 
15,]00-metj:e signals may ba understood more clearly if we 
deal in cycles of frequency instead of metres. The 15,000- 
metre desired signal will set up oscillations liaviiig a frequency 
of 500,000,000 divided by 15,000. which (equals 20,000. ‘ The 
15,000«metre signals uill correspond to oscillations having k 
frequency of 1 9,808. The frequency diffiu-ence, therefore, 
is only 152 cycles. 

If now, inst(‘ad of receiving these signals in the ordinaiy 
way as. for exam])le. by the h(4erodyn(‘ nu'^'hod, we multiply 
the frequencies of both signals by 10, we will increase t!_ 
frecjuency of the signals diu^ to tlie 15,000-metr,vs station to 
200,000 cycles, this corresponding to a wavelength of 1,500 
inetnjs. Th(‘ J 5,100-metres' interfering signals will jnoduce 
interfering.i)scillations having a frequency of 198,080 cycles. 

It will be r(‘a,dily a])])reciated that- the difl‘(u*ence between 
the ncAv desired and undesired currents is now ten times as 
great, and equals 1,320 cycles. Where before we had to 
• differentiate betw(H‘n signals having a difference in frc'qucmcy 
oftonl^j 132, we now have the considerably easier task of 
sepai>iting out signals having a clitfciuence of frecpiency of 
as mfich as 1 ,320 cycles. Put crudely, it is ton times as easy 
to scjpai^te ou4 tlu^ two stations. 

Tlie new currents of multi])lied frequency may be aj)])lied 
to selective high-frequency^ receiving circuits, and the 
heterodyne method of reception may be employed. 

Frequency Multiplication and the use of Bqats.-^ 
' It needs very little imagination for a student of these matters 
to apprecintci the remarkable selectivity which is obtainable 
by a combination of frequency multiplication and heterodyne 
reception. A theoretical circuit is illustrated in Fig. ^79. 

In this figure, it is assumed that in the aerial circuit, 
which* contains the inductance Lj, and variable condenser Cj, 
we have two sets of oscillations. One set has a frequency 
of 20,000, corresponding'^ to the wavelength 15,000 metres 
of the desired signals, and the other currents have a frequency 
of 19,868, corresjmnding to the interfering signals of' 15, 100 
metres. The circuit is turned, of course, to the frequency 
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*of 20,000, cornisponding to the»desired signals, but ncvertTiolcss^ 
this Method of selective reception *is grotesquely ineffective 
when the frequency difference is so»shialI. The next stage 
in the process is to apply the two sets of currents to a frequency 
multiplier which is shown, for the sake of convenience, as a 
box FM. This frequency multiplier may take many foruL®, and 
mighty be a series of frequency-doubling devices, such as 
\jalves, or it lUight be an apparatus for, producing harmonics*, 
a selected harmonje being .then treated as the fundamental 
for reception ])urposes. The output currently from JjVI pass 
through the oscillation circuit L 2 C 2 ' even here resonance 
tuning may not ,be ^suIjRcient. Loose coujding between Jj 2 
and Lj will; liow(iver, if the ])rimary and secondary circuits 
are tuned to thci.new 2()(),0()()“freqiicucy signals — which are 
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really dcuived ftom tlie original 2(h0^^^f^"b’p^|uency signals by 
a multiplication of 10 — clause the. 198,()8()-fre((uency currents, 
due to the intiufering signal which originally had a frecpiency 
of only 19,8(58, to be less effective. 

‘ Oscillations are now induced into the circuit from the 
heterodyne H, which may be, for example, a valvo oscillator.. 
This heterodyne induces local oscillations liaving .a frequency 
of 201,000. The result of inducing currents of this frequency 
into the circuit L.jCg will be the production of two sets of^ 
beats. The 2()1 ,000-frequency 'oscillations will beat with the 
desired 200,()00-frequ(Vicy oscillations producing ^ befits of 
1,000 frequency, And theSe*bcats wdll be rectified and detected 
by the valve V, in the output cSrcuii^of which are the telephone 
receivers T. The l,0(K)-frequency beats will, of course, pro- 
duce a musical nftte inlhe telephones T having a frequency of 
1,000, which is a very convenient frequency for the reception 
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rtf continuous wave* sijjjnals. T^ie 2()l,0(K)-fi(‘,i("jcncy oscilla- ’ 
tions induced by th(' local* heterodyne, wiliralso produce'' beats 
with the oscilhftions lia’^ing a fnHjuency of 198,080 \\hich, it ' 
is assumed, have not been tuned out by the use of* Tcesonance 
])henom(‘iia. The beats, in this case, w ill have a frequency of 
2,800. 

W(‘ now have in tin* tele])hones T two sets of si^jnals. Tlie 
nesired s(‘ts liave a fre(jji(‘ncy of 1 ,0(K), while the lindesired ones 
have a fr(‘(|ueiicv of 2,800* and no dilliculty should b^. ex- 
perienegd in r(‘hdiu.ir tin*. (lesir(‘d signals without material 
intei'ferenc(‘ from llie other signals. li. is im])ortant to notice 
that tli(‘ incoming signals are not. o| f :)ui>ie, simjdy stCfady 
streams of continuous oscillations, Init consist of dots and 
dashes of short duration, and that during a consid(*rabIe 



])crio(} of time, dots and dashes of the undesired signals a, re 
received j^luring the intervals between dots and dash(;s of the 
desired signals. 

Hundiedfold Multiplication.— A far mon‘ striking 
example of the possibiliti(‘s of tins new pj'ineiple in wireless 
reception is when \\v consider^ the frequency multiplicatioir 
•to be, *sa^, 100 times. Such conditions are illustrated in 
Fig. 880. * ^ ' 

^ TheM‘re(piency multi])liei- FM now increa,s(‘s the lre(]U(‘ncy 
•of the desired signals t,o 2,000,(»00, corresjionding to 150 metres, 
while tlie interfering signals now have their frequency ]*aise(l 
to l,98/).8f)0. The frequency of the local oscillations of the 
heterodyne are adjusted to 2,0()1,'000. With the desired 
curnmts of 2,000,000 frequency,' the heterodyne currents will 
produce beats of 1 ,000 fi cupuuicy whicli will produce a musical 
note of 1,000 in th(* telephone receivers. \\ ith the interfering 
signals, the local oscillations will produce beats having a 
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frequency of ?.3,3()0. This frequency, to all intents and pur* 
poses,* may be treated as abovei the audibl('> limit, and the 
desired isignals would therefore be received in' the^ telephone 
receivers without any interference whatever from the undesirc'd 
signals, even though in the initial aerial circiiit the frequency 
diil'enmee amounted to such a small amount as 13;^! cycles. 

The advantages to be gained from the method outlined in 
this taj)er aie supplemcuited !.#y rescmance tuning, and iii 
practice a frequency multi] dication of Idd times would not 
be nec(\ssary. It will readily b(‘ a|i\pj“eciati‘d that .even a 
multi])lication of only 2' will doubl(‘ tlie dillerencc* in frecjuency 
between d(‘sired and undesired signals. 'Idiis im^aiis that we 
ca^n increase tlu^ ‘‘ (;lbow room," as it were, for signals of any 
])articular wavelength, and greater selectivity is thereby 
'detained. Alternatively, we can say that by doubling the 
frequency of the incoming signals w(* can have twice as many 
channiils of communication in any given band of wavelengths. 
If, for cxanqde, W(‘ lake Alexandcrsoirs liguro of 35 channels 
of comrinmieation between 1I,()(K) and 22,000 metres, by 
frecpieiicy douhling w(* (‘an increase this to 70. By juultijdying 
the fre<jU(‘ncy 10 tini<‘s, V(* (H)uld have* 350 stations working 
bt‘tw(H*n th(‘se two extreme wavelengths. If we multiply the 
fre(pi(‘ncy of signals iOO tim(*s, we could have 3,500 stations 
working. 

By the a.])])licati('n ol this invention to long-distance 
coininunication, it would therefore seem that the pnmhun 
of the congestion of the (dher has betui solved. ^ 

W'hile this method of r(»c(*j)tion marks a third stage in the 
])rogr(^ss of selective rc^ception, both resonances tinting and 
beat reception retain all tlusir former usefulness ; in fact, 
heterodyne re(‘e])tion bescoines evtsn more important as it now 
becomes a really eft'isctive process in the rece])tion of ronrinuous » 
waves of great lengtli. One way of 'looking at jtlie’ invesntion 
whicli is the subject of this Fajier is to consider that tins long^ 
wave signals arcs brought down to the lower wavelengths where 
the full advantagiss of beat risception, as regards selectivity, 
are obtained. The low'er the level to which we bring the 
incoming signals, tins more selective does heterodyne reception 
become. 

Application to Low Frequencies.- -So far, the application 
of the method tc) high-frequency signals only is described. 
The principle, however, is just as applicable to audio fre- 
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(.fiiencies its to radio frequencies. The aiithopV experiments ' 
in this direction have fully borne but theoretical expectations, 
and two sigmtls- having a note frcHpiency iinpereeptibly 
dilTenuit Imve been entirely se])arated in such a wa]^-that one 
of the frcquencieSfis entirely suppressed. 

Such a \ 7 ‘ry remarkable achievement could not be obi ainc'd, 
or even approached, by any other method which has hitherto 
15(‘en ])roposed. Its siyiiificauce, of course, is thiit note tbning 
becomes a Uiality ; almost the whole of the selective appa atqs 
may be;, concentrated on the low-frequency side of a w ireless 
receive!*. W’hem receiving continuous \bives, even the slightest 
ditfereiices between two sets of continuous oscillations will 
])i*odTi(;(’! dilTerent beat notes with a local h(»t(u*odyne. 1'hek(.‘ 
will give rise to slightly different audio free juencies which w^ould 
s(‘riously interfere with (^ach othcu* and (‘iitirely ])rev(‘nt th^^ 
selective recei)tion of a desired sigmfl. 

Where existing inethods cannot differentiate between 
signals of slightly differing ])itch, it is ])ossible by t his invenfion 
to magnify ^Jieir difference to such an extent that either signal 
may r(‘udily be j‘(‘ad without intxirference. 

^riie original audio-frequency signals hav(‘ th(‘ir fj*equency 
step])(‘d-u]) by nieans of Jiarmonic ])roducing, or other fre- 
quency-mult i])l}'ing apparatus, to radio frequency which 
slif>uld preferably be w ell above th(‘‘ audibh* limit. ^Ihcse 
racbo-fmpiency currents may noS\' bf‘ selectively received 
by tlA' aid of tuned high-frequency circuits and then combined 
with logal rjy^lio-frequency continuous oscillations. These 
local oscillations are produced by a heterodyne, beats being 
produce* All the advantages of high-f req ueiicy tuned circuits 
and beat reception are thereby" obtain (‘d, and whereas the 
original difference in frequenqy might b(‘- only 100 (barely 
rperceptiblf*) the final difference in frequency might be 10, 000, 
a fi-cquemy which w-ould enable the interfering signals to he 
put ouf entirely. 

' Fig. 381 shows a theorefical wireless receiving system in 
.wdiich the invention is a})plieff to the low-frequency currents. 
The high-frequency signals are rectifiedhy the crystal J) produc- 
ing audio-frequency curremts through Ti, diie to the fact that 
a local oscillator H] induces ctmtinuous oscillations into the 
aerial circuit of a frequency slightly different from that of the 
desired signals. The currents of musical 'irecpicncy })assing 
through Tj are then applied by means of the transformer 
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to the riO(|uency multiplier FM, in the outynit circuit 
of wffich we have' a circuit L2('2 timed to a midtiple of tlie 
dc.si]‘cd^ audio-frequency currents passing through Tj. The 
circuit be a radio- frequency circuit, and tlie fre- 

quency of the currents in *2 should ])ref(‘i?nbly be 'above the 
audible limit. Tlie circuit is tuned to the same fre- 
quency, and by loosely coupling Jj2 to L3 a certain amount of 
resonance selectivity is obtained. T\v^ ])iinci])al method of 
obtaAiing the sehictivity, hovv^ever. is by tlu', introd motion of 
local .oscillations pi-oduced by a second* hetiM Ociyne TL tuned |.o 
produc(i currents having a fre(|uency dilfering liy, say, 1,000 
iVom tlie currents in U. 1 'he beats of about 1 ,000 frequency 
ai*e now detect(‘d by Ihe valve* and produce a musical note 
in T. The b' produced by the interaction of the local 



oscillations siipyilied by Ho and the und(*sired signals of Aiulti- 
plied frequency are arranged to be above or b(*low tin*, audible 
limit so as not to interiere with the desired signals. 

A Combined High- and Low-Freq[uency Selective System. — 
It is, of course, convenient to ajqily tin*, invention to 
both the high- and low-freqncucy sides of a wireless leceiver, 
and Fig. 382 shows a simplified arrangement illusfi-atTng the * 
different stages in the recejition of continuous waves by this 
systeiin. It will lie seen tliat the first freqiuinc}^ mnltijilie.v 
FM] is for tlie y/iirpose of increasing the frecjiiency of the 
original oscillations. The oscillations of multi])Ii(Ml frequency 
are then heterodyned by H] and defected by the valve V^, 
producing musical low-fre(|uoncy curr(*nts. The output 
currents from the valve Vj,- which \’?ill be of musi(‘al frequency, 
although, of course, it is not iiecessaiy that tliis should actually 
be so, are communicated to the second frequency multiplier 
FM2 ; the frequency is once more stejiped-np so as to reach 



TifERMioNic Vacuum Tiuiics. 


4i)i.y 

iioovft the miclihle limit ajirl the curroiiis ai*e solec-tjvely ]ec(;ived 
by the aid of’loose (;oii|)h‘d circuits and thC' second Jietcrodyne 



Ho, which enables a musical hol/e to be obtained in the 
telephones. 

The Apparatus Employed. — It is not ]>ossible within the 
scope of tliis paper to dealnvith the various practical circuits 
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for acliiovin" the (lesired results. The method of obtaining 
the multiplied frequency is not, ol course, an essential i)art 
of tire •ba^ic, invent ion. Thermionic valv(\s, o])erated under 
special conditions, have been found suitable for producing 
harmonics or merely for doubling the injhit frequency. If 
harmonics are used, a considerable factor of multi |;bcation may 
be objiained. 

Fig. indicates how the invention might b(‘ a])|)lied to 
the reception of ircoiniiig waves. - The valve is operated 
at, say, saluVation ]>oint. so as i,o ])joduc(‘ harmonics in its 
output circuit Lo('o, which is tiiiK^d to oik^ of these har- 
monics. Tho. \ 7 ilve ‘V^ is a s(‘lf-heterodyn(‘ roccaver which 
then r(‘ceives the (hisiivd harmonic and irc‘ats it as the signal 
t o be r(‘C(4ved. 


()M(5INAL i'llLTiruEX) 

FHE<tUEN(> 



Fjq. - All ajjplicatioii of frequency inultixiliualiuu to a iwac'ical 

circuit. 


The jircseiit ra])er is only intended as an outline of the new 
system, and at some future (lajtc it is hojied to give further 
tt‘ehnical details. 

The Minimisation of Atmospheric Interference. — The 

system of r(5C('ptio]i lends itself particularly to the elimination/ 
or* rather minimisation, of atinosiih erics, ^\'hile this is 
probably, at the firesent date, the most important advantagi? 
of th(' system, yet it is mentio/ied at this stage of the Pajier 
because this [)roc(\ss of atmospheric elimination is essentially 
one of selectivity. The application of the method of frexpiency 
innlti plication to the low-frc(|iicncy side of a receiving circuit 
will automatically cut out* all, or most, of the atmospherics, 
owing to the fact that most atniosj)li erics have lower fre- 
(pnuic.ics than the heterodyne notes due to desired signals. 
Unless their frequency exactly corresponds with the heterodyne 
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note, til/" process qF frecjuency rpultiplication a'nd resonance, 
combined with further het(Todyning, will eliminai^ the 
atmospheific in terference. 

By the. a])plication of the method to the high-ireHnency 
sid(i of the receiving ajiparntus, the cFect of atnios|iiericff 
may also be*miiiimisc(l by causing them to produce osciftitionB 
(for examf)le, by the impact excitation of a detuned circuit) 
different from the incoming continuous waves. .Frequency 
multiplication increases the divergence --between the twoi 
different signals, and in any case currents of the wave-form 
of atmosj)h erics will not readily ])roduce effective harmonics. 

A Novel Method of Receiving Concinuons Waves."- Tlie 
author's British i^itent 102429 of August 8, 1921 , describes 
several circuits foi* receiving continuous wa\es which involve 
interesting ])rincij)les. 

Kig. 384 shows one of the circuits. It will bf seen that a 
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three-electrode valve is used, the oscillatory circuit L 2 C -2 
being included;4ietween the anode of the valve and the lilamont, 
telephone receivers T being also in this circuit. To the grid 
circuit is applied a varying current from F, this current being 
usually of low frequency, or of a frequency slightly different 
from the incoming frequency. If the currents supplied by h 
are of audible frequency, th(‘ note will b(i reproduced in the 
telephones T when the incoming continuous wave signals 
^eed the anode circuit of a valve. When these currents are 
not apjffied to the anode, juactically nothing is heard* in the 
telephones T. If the currents supplied by ¥ are of ;.radio* 
frequency, they may be adjusted to a slightly different fre- 
quency from the incoming signals, in which case beats will be 
obtained, these operating the telephones T and producing a 
musical signal in them. 

Fig. 385 shows another circuit in which the source of 
alterations S may be made to supply high-frequency currents 
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of cbntinuousVave form, ]l^l^^ng a freq^uency slightly ^differing 
from the incoming frequenqy. As* before, tl^e telephones T 
will ehift ^ miisical note corresponding to the ocat frequency. 




Fjo. :i85. — Another arrangement. 

Fig. 386 is i .modification of Fig. 384, a potentiometer 
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Fia, 380. — Anoth<T eontinuous-wave. receiver. 

* • . 

being employed to \ary the normal potential of the anode of 

the valve. 


V. t jo t I • 


* Fio. 387. — A further (urcuit for continuous-wave njooption. 

Fig. 387 shows another method of receiving continuous 
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ivaves. A valve acts as a local oscillator anfl is preferably 
adjusted so ?is to produce currents baviiig’a slightly difecring 
frequeucy, from the iflcoiuing currents. No bigh*t(?nsion 
battery is included in the anode circuit of the first valve. The 
telephone recciveis T itiay be connected in the anode circuit 
of either the first or second valve. 

A Mechanical Reaction Relay - Fig. :188 rhows a lueclijanical 
reaction relay de,scrilH:(f by the author in his patent 172752 
of .September 21, 1920. In tlni figim*, A rcjm-scn'cs a 
niilliaiiv"ter or other similar device, to the end 'of which* is 
lixed a moving electiodc* S which hioVes, ])r(!feiably in 
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I’lfi ,‘{SS. Tiie iiicdlianiral r(*ac‘tion circiiit. 


liquicf resistance R. Tlie movinjv contact ,S is insulated 
from tlu needle M. The injnit jiotentials are ajqilied to the 
terminals^ IN, Jind cause* a slight variation of the potential 
of th(* grid (4, in. we will assume a jiositive direction. Thei’e 
is a resultant increase*, in the anode current which will, Ave 
assnine. cmise the needle N t(j move ujiwards. The n(‘(*dle 
will carry tin* contact S U|)wards, with the result that a larger 
positive ])oteiitial is applied to the grid (4 by the s})ecial 
potentiometer arrang(*meut 15H. In this way a reaction 
effect is obtained, and very slight jiotentials a])|)lied to the 
grid (t wi\[ be rapidly built u]) with a resultant large movement 
of the* contact S. This might, of course, Ije used to close a 
local circuit in many diflei^mt ways. 
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